AD-A120  602  A  RATIONAL  BASIS  FOR  THE  SELECTION  OF  ICE  STRENGTHENING  122 
CRITERIA  FOR  SHIR.  .  <U>  ARCTEC  INC  COLUMBIA  HD 
J  C  COBURN  ET  AL  11  JUL  80  SR-1267-VOL-2  SSC-210 
UNCLASSIFIED  DOT-CG-904927-A  F7G  12710  NL 


AD  A120S02 


SSC-310 


A  RATIONAL  BASIS  FOR 
THE  SELECTION  OF  ICE 
STRENGTHENING  CRITERIA 

CHD  QL-JIPQ 

VOLUME  ll-APPENDICES 


A 

This  document  has  been  approved 
for  pubfic  release  and  sale;  its 
distribution  is  unimited. 

SHIP  STRUCTURE  COMMITTEE 


1981 

82  10  21  078 


SHIP  STRUCTURE  COMUTTEE 


The  SHIP  STRUCTURE  COMUTTEE  la  eonstltutad  to  proeaeute  a  raaaarcb 
prograa  to  improve  tha  hull  atrueturaa  of  ahipa  and  other  marine  atructuraa 
by  aa  extenalon  of  knowledge  pertaining  to  dealgn,  materlala  and  methoda  of 
conat  ruction. 


RAdm  Clyde  T.  Look,  Jr.  ( Chairman) 
Chief.  Office  of  Mar chant  Marina 
Safety 

U.  S.  Coeat  Guard  Headquartere 

Mr.  P.  M.  Palermo 
Executive  Director 
Ship  Dealgn  A  Integration 
Dlrectorata 

Maval  Sea  Syatana  found 

Mr.  W.  M.  Hannan 

Vice  Preaid ant 

American  Ruraau  of  Shipping 


Mr.  J.  Groaa 

Deputy  Aaaletent  Adnlnletrator  for 
Coaaerdal  Development 
Maritime  Adalnletratlon 

Mr.  J.  R.  Gregory 

Chief.  Reaearch  A  Development  Staff 
of  Planning  (  Aaeoaanent 
U.S.  Geological  Survey 


Mr.  Themea  V.  Allen 
Chief  Engineering  Officer 
Military  Sealift  Ceamnd 


LCdr  D.  R.  Anderaon,  U.S.  Coaat  Guard  (Secretary) 


SHIP  STRUCTURE  SUBCOMUTTEE 

The  SHIP  STRUCTURE  SUSCOMKITTEE  acta  for  the  Ship  Structure 
Coamlttee  on  technical  nattere  by  providing  technical  coordination  for  the 
determination  of  goala  and  objective*  of  the  prograa,  and  by  evaluating  and 
Interpreting  the  ruaulta  In  teraa  of  atructural  dealgn,  conat ruction  and 
operation. 

U.  S.  COAST  GUARD  MILTART  SEALIFT  COMIAND 

Cept.  R.  L.  Brown  Mr.  Albert  Attermeyer 

Cdr.  J.  C.  Card  Mr.  T.  V.  Chapmen 

Mr.  R.  E.  Will lama  Mr.  A.  B.  Stavovy 

Cdr.  J.  A.  Senlal  Mr.  D.  Stein 


MAVAL  SEA  SYSTEMS  COMIAMD 

Mr.  R.  Chiu 

Mr.  J.  B.  O'Brien 

Mr.  W.  C.  Sandberg 

Lcdr  D.  W.  Whiddon 

Mr.  T.  Nomura  (Contracta  Admin.) 

MARITIME  ADMINISTRATION 

Mr.  M.  0.  Banner 
Dr.  W.  M.  Maclean 
Mr.  P.  Selbold 
Mr.  M.  Touma 


RATIONAL  ACADEMY  OF  SCIENCES 
SHIP  RESEARCH  COMUTTEE 

Mr.  A.  Dudley  Baft  -  Llaleon 
Mr.  R.  W.  Riake  -  Llalaon 


SOCIETY  OP  MAVAL  ARCHITECTS  A 
MARINE  ENGINEERS 


AMERICAN  BUREAU  OF  SHIPPING 

Dr.  D  Liu 
Mr.  1.  L.  Stern 

U.  S.  GEOLOGICAL  SURVEY 

Mr.  R.  Glangerelll 
Mr.  Char lea  Smith 

INTERNATIONAL  SHIP  STRUCTURES  CONGRESS 

Mr.  S.  C.  St lane an  -  LI  am  on 

AMERICAN  IRON  A  STEEL  INSTITUTE 

Mr.  R.  H.  Sterne  -  LI  am  on 

STATE  UN1V.  OP  NEW  YORK  MARITIME  COLLEGE 
Dr.  W.  R.  Porter  -  Llalaon 

U.  S.  COAST  GUARD  ACADEMY 
LCdr  R.  C.  Vorthnan  -  Llalaon 

U.  S.  NAVAL  ACADEMY 

Dr.  R.  Battacharyya  -  Llalaon 

U.  S.  MERCHANT  MARINE  ACADEMY 
Dr.  Chln-Bea  Kin  -  Llalaon 


Mr.  A.  B.  Stavovy  -  Llaleon 
WELDING  RESEARCH  COUNCIL 
Mr.  K.  H.  Koopman  -  Llalaon 


DISCLAIMER  NOTICE 


THIS  DOCUMENT  IS  BEST  QUALITY 
PRACTICABLE.  THE  COPY  FURNISHED 
TO  DTIC  CONTAINED  A  SIGNIFICANT 
NUMBER  OF  PAGES  WHICH  DO  NOT 
REPRODUCE  LEGIBLY. 


Member  Agencies: 


United  States  Coast  Guard 
Nava!  Sea  Systems  Command 
Military  Saalift  Command 
Maritime  Administration 
United  States  Geological  Survey 
American  Bureau  of  Shipping 


Address  Correspondence  to: 


jji&fituir* 
womnnw 


Secretary,  Ship  Structure  Committee 
U.S.  Coast  Guard  Headquarters,  (G-M/TP  13 
Washington,  D.C.  20S93 


An  Interagency  Advisory  Committee 


Dedicated  to  Improving ' 


Itructure  of  Ships 

SR- 126 7 

1981 


As  marine  activity  In  Ice  covered  waters  is 
expected  to  Increase  In  the  foreseeable  future,  the  design 
of  ships  to  meet  the  varying  conditions  will  have  an 
expanding  role  for  the  naval  architect. 

The  Ship  Structure  Committee  has  undertaken  a 
program  to  acquire  the  necessary  knowledge  to  permit  a 
rational  design  for  vessels  which  will  be  operating  In 
various  Ice  conditions.  This  first  effort  In  the  program 
surveyed  the  various  classification  societies  and  government 
regulations  In  order  to  discern  the  similarities  and 
differences  of  their  requirements,  and  further  to  recommend 
a  procedure  for  selecting  appropriate  Ice  strengthening 
criteria.  The  results  of  this  project  are  being  published 
in  two  volumes.  Volume  I  (SSC-309)  contalns  the  analytical 
portion  of  the  work  and  Volume  II  (SSC-310)^  contains  the 
appendices. 


Rear  Admiral,  U.S.  Coast  Guard 
Chairman,  Ship  Structure  Committee 


1.  Rooort  No. 


SSC-310 


4.  Tirlo  ond  Subtitlo 

A  RATIONAL  BASIS  FOR  THE  SELECTION  OF  ICE 
STRENGTHENING  CRITERIA  FOR  SHIPS 
VOLUME  II  <  APPENDICES 


7.  Author* *)  j  L<  Coburn,  F.  W.  DeBord,  J.  B.  Montgomery, 
A.  M.  Nawwar,  K.  E.  Dane 


9.  Performing  Organ* xotion  Nome  and  Addros* 

ARCTEC,  Incorporated 
9104  Red  Branch  Road 
Columbia,  Maryland  21045 


12.  Sponsoring  Agency  Nome  ond  Addreo* 

U.S.  Coast  Guard 

Office  of  Merchant  Marine  Safety 
Washington,  D.C.  20593 


19.  Supplementary  Notes 

SHIP  STRUCTURE  COMMITTEE  PROJECT  SR  1267 


Technical  Report  Documentation  Page 


3.  Recipient's  Catalog  No. 


5.  Report  Date 

11  July  1980 


4.  Performing  Organisation  Code 


6.  Performing  Organisation  Report  No. 

SR- 1267 


10.  Work  Unit  No.  (TRAIS) 


1 1 .  Contract  or  Grant  No. 


13.  Typo  of  Report  and  Period  Coveted 

Final  Report 
20  August  1979  - 
26  May  1980 


Id.  Sponsoring  Ageney  Code 

G-M 


16.  Abstract 


This  report.  Volume  II,  contains  the  appendices.  A,  B,  and  C,to 
Volume  I  of  the  same  title.  Volume  I  describes  sources  and  differences 
between  the  Ice  strengthening  criteria  in  use  by  various  classifica¬ 
tion  societies,  and  government  regulations  such  as  Canadian  Arctic 
Pollution  Prevention  Regulations,  and  Swedish-Flnnlsh  Winter  Naviga¬ 
tion  Board  Regulations.  A  comparison  of  the  different  criteria  Is 
presented  on  the  basis  of  a  relative  weight  and  relative  cost. 
Effectiveness  of  the  criteria  Is  evaluated  on  the  basis  of  statistical 
Ice  damage  data  and  on  a  sample  of  Individual  Ice  damage  cases. 

In  addition,  a  comparison  of  different  materials  and  fabrication 
techniques  used  for  Ice  strengthening  Is  presented.  Deficiencies 
In  current  Ice  strengthening  procedures  are  identified  and  a  rational 
procedure  for^selecting  appropriate  ice  strengthening  criteria  is 
presented.  — — - 


17.  Keyword,  l  i  ass i t i cation  society  Kuies 
Ice-Worthy  Ships  Ice  Loads 

Ice  Strengthening  Ice  Damage 

Hull  Strength 
Icebreaker 
Ice  Classification 


19,  Soeu'ify  Cleiiift  (•!  this  rmpnrt) 

Unclassified 


II.  Distribution  Stotomant 

Documentation  Is  available  to  the  U.S. 
public  through  the  National  Technical 
Information  Service,  Springfield, 
Virginia  22161 


20.  Security  Clocif.  (of  thi*  pogo) 

21.  No.  of  Pogo, 

Unclassified 

176 

22.  Price 


CONTENTS 


VOLUME  II  Page 

APPENDIX  A  -  MAXIMUM  AND  AVERAGE  ICE  CONDITIONS  BY  MONTH  1 

Maximum  Ice  Conditions  2 

Average  Ice  Conditions  8 

APPENDIX  A. 2  -  CANADA  -  Maximum  and  Average  Ice  Conditions 

by  Month  14 

Maximum  Ice  Conditions  15 

Average  Ice  Conditions  27 

APPENDIX  A. 3  -  ANTARCTIC  -  Maximum  and  Average  Ice  Condi¬ 
tions  by  Month  39 

Maximum  Ice  Conditions  40 

Average  Ice  Conditions  43 

APPENDIX  A. 4  -  GREAT  LAKES  -  Maximum  and  Average  Ice 

Conditions  by  Month  46 

December  Through  April  47 

APPENDIX  A. 5  -  GULF  OF  ST.  LAURENCE  -  Maximum  and  Average 

Ice  Conditions  by 
Month  52 

Maximum  Ice  Conditions  53 

Average  Ice  Conditions  60 

APPENDIX  A. 6  -  BALTIC  SEA  -  Maximum  and  Average  Ice  Condi¬ 
tions  by  Month  66 

Maximum  Ice  Conditions  67 

Average  Ice  Conditions  69 

APPENDIX  A. 7  -  WORLD  METEOROLOGICAL  ORGANIZATION  SEA 

ICE  NOMENCLATURE  72 

APPENDIX  B  -  CALCULATED  ICE  STRENGTHENED  SCANTLINGS  FOR 

THREE  REPRESENTATIVE  SHIPS  83 

APPENDIX  B-2  -  CALCULATED  LOAD-CARRYING  CAPABILITIES  OF 

RESULTING  SCANTLINGS  FOR  THREE  REPRESENTA¬ 
TIVE  SHIPS  108 

APPENDIX  B-3  -  TABULAR  LISTING  OF  LOW-TEMPERATURE  STEELS 

AND  THEIR  PROPERTIES  116 

APPENDIX  B-4  -  TABULAR  WEIGHT  AND  COST  DATA  149 

APPENDIX  C  -  REVIEW  OF  METHODS  FOR  DAMAGE  ANALYSIS  152 


CONTENTS 


VOLUME  I 

1.  INTRODUCTION  . 

1.1  Objective  . 

1.2  Background  . 

1.3  Approach  . 

2.  PROBLEM  DEFINITION  . 

2.1  Introduction  . 

2.2  Definition  of  Load  . 

2.3  Definition  of  Structural  Response  . 

2.4  Reliability  . 

3.  ENVIRONMENT  . 

3.1  Introduction  . 

3.2  Governing  Ice  Conditions  . 

3.3  Sources  of  Data  and  Analysis  Procedures  . 

4.  MATERIALS  . 

4.1  Material  Requirements  for  Ice  Strengthened  Ships  . .  . 

4.2  Currently  Available  Steels  . 

4.3  Existing  Criteria  for  Material  Selection  . 

4.4  Requirements  for  Additional  Information  . 

5.  EXISTING  ICE  STRENGTHENING  CRITERIA  .  .  . 

5.1  General  Description  of  Existing  Criteria  . 

5.2  Methods  for  Selecting  the  Level  of  Ice  Strengthening  . 

5.3  Load  Criteria,  Rationale,  and  Structural  Design  Methods  .... 

5.4  Resulting  Scantlings  for  Three  Representative  Ships  . 

5.5  Analysis  of  the  Load-Carrying  Capability  of  Resulting  Scantlings 

5.6  Analysis  of  Equivalence  Between  Certain  Criteria  . 

5.7  Comparison  of  Relative  Steel  Weights  and  Fabrication  Costs  .  . 

6.  EXPERIENCE  OF  ICE-CLASSED  SHIPS  . 

6.1  Specific  Ice  Damge  . 

6.2  General  and  Fleet  Experience  with  Ice-Classed  Ships  . 

7.  CRITIQUE  OF  CURRENT  CRITERIA  . 

7.1  General  Deficiencies  . 

7.2  Assumed  Distribution  of  Load  for  Frame  Design  . 

7.3  Factors  and  Method  Used  to  Determine  Design  Load  . 

7.4  Structural  Analysis  Methods  and  Response  Criteria  . 


CONTENTS  (Continued) 


Page 

8.  PROPOSED  RATIONAL  BASIS  FOR  SELECTING  ICE  STRENGTHENING  CRITERIA  ....  8-1 


8.1  Materials . 8-1 

8.2  Reliability . 8-1 

8.3  Loads . 8-4 

8.4  Response  Criteria  .  8-5 

8.5  Summary  of  Proposed  Approach  .  8-8 

9.  RECOMMENDATIONS- NEEDED  RESEARCH  AND  DEVELOPMENT  .  9-1 

9.1  R&D  Program  Summary . 9-1 

9.2  Full-Scale  Tests  .  9-1 

9.3  Refine  the  Rational  Approach  .  9-3 

9.4  Incorporate  Response  Criteria  into  the  Approach  Proposed 

In  Section  8  .  . . 9-3 

9.5  Ice  Interaction . 9-4 

9.6  Generalize  the  Analytic  Model  of  Ship- Ice  Interaction  .  9-5 

10.  BIBLIOGRAPHY . 10-1 


• •  ,.-3ion  For 

_ u 

»  • l "  C" A&I 

$ 

1  d  T  '."d 

□ 

;  ■w>oir-.:»od 

□ 

-.t.  if  lessen— 

f/-;  r!.;:--  ;  ••  -  / 

j_ :  ti  ; }  it y  Codes 


APPENDIX  A 

MAXIMUM  AND  AVERAGE  ICE  CONDITIONS  BY  MONTH 


fs 


■s 

•J 


A.l  Alaska 

A. 2  Canada 

A. 3  Antarctic 

A. 4  Great  Lakes 

A. 5  Gulf  of  St.  Lawrence 

A. 6  Baltic  Sea 

A. 7  WMO  Sea-Ice  Nomenclature 


Abbreviations  used  In  this  Appendix  are  as  follows: 

FY  *  first-year  Ice 
MY  *  multi-year  Ice 

IB  -  Iceberg,  bergy  bits,  growlers,  and  any  other  fragments 
IS  -  Ice  Island  or  fragment  therefrom 
BI  *  broken  Ice 

XX  -  level  Ice  thickness.  The  corresponding  pressure  ridge 
depth  (water  surface  to  keel  depth)  contained  within 
level  ice  floes  Is  ten  times  the  level  Ice  thickness. 

The  depth  of  consolidation  within  the  first-year  pressure 
ridge  Is  assumed  25%  of  the  depth;  for  multi-year  ice 
50%  of  the  depth  Is  assumed  to  be  consolidated. 
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ICE  TERMS  ARRANGED  IN  ALPHABETICAL  ORDER 


dge:  Ridge  which  has  undergone  considerable  weathering.  These  ridges 
lest  described  as  undulations. 

ice:  Submerged  ice  attached  or  anchored  to  the  bottom,  irrespective  of 
lature  of  its  formation. 

:e:  Ice  without  snow  cover. 

A  large  feature  of  pack  ice  arrangement;  longer  than  it  is  wide;  from 
to  more  than  100  km  in  width. 

lit:  A  large  piece  of  floating  glacier  ice,  generally  showing  less  than 
ibove  sea-level  but  more  than  1  m  and  normally  about  100-300  sq.  m  in  area. 

Situation  of  a  vessel  surrounded  by  ice  and  unable  to  move. 

te:  (see  Floe). 

An  extensive  crescent-shaped  indentation  in  the  ice  edge ,  formed  by 
ir  wind  or  current. 

ce:  Accumulations  of  floating  ice  made  up  of  fragments  not  more  than 
icross,  the  wreckage  of  other  forms  of  ice. 

;:  From  the  point  of  view  of  the  submariner,  a  downward  projection  from 
mderside  of  the  ice  canopy ;  the  counterpart  of  a  hummock. 

|:  The  breaking  away  of  a  mass  of  ice  from  an  ice  wall,  ice  front,  or 

n?- 

>ack  ice:  Pack  ice  in  which  the  concentration  is  7/10  to  8/10  (6/8  to 
than  7/8,  composed  of  floes  mostly  in  contact. 

ed  ice  edge:  Close,  clear-cut  ice  edge  compacted  by  wind  or  current; 
ly  on  the  windward  side  of  an  area  of  pack  ice. 

ing:  Pieces  of  floating  ice  are  said  to  be  compacting  when  they  are 
cted  to  a  converging  motion,  which  increases  ice  concentration  and/or 
ces  stresses  which  may  result  in  ice  deformation. 

pack  ice:  Pack  ice  in  which  the  concentration  is  10/10  (8/8)  and  no 

visible. 

ration:  The  ratio  in  tenths  of  the  sea  surface  actually  covered  by  ice 
e  total  area  of  sea  surface,  both  ice-covered  and  ice- free,  at  a 
fic  location  or  over  a  defined  area. 

ration  boundary:  A  line  approximating  the  transition  between  two  areas 
ak  ice  with  distinctly  different  concentrations. 
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Consolidated  pack  ice:  Pack  ice  in  which  the  concentration  is  10/10  (8/8)  and 
the  floes  are  frozen  together. 

Consolidated  ridge.  A  ridge  in  which  the  base  has  frozen  together. 

Crack:  Any  fracture  which  has  not  parted. 

Dark  nilas:  Nilas  which  is  under  5  cm  in  thickness  and  is  very  dark  in  color. 

Deformed  ice:  A  general  term  for  ice  which  has  been  squeezed  together  and 
in  places  forced  upwards  (and  downwards).  Subdivisions  are  rafted  ice,  ridged 
ice ,  and  hummocked  ice. 

Difficult  area:  A  general  qualitative  expression  to  indicate,  in  a  relative 
manner,  that  the  severity  of  ice  conditions  prevailing  in  an  area  is  such 
that  navigation  in  it  is  difficult. 

Diffuse  ice  edge:  Poorly  defined  ice  edge  limiting  an  area  of  dispersed  ice; 
usually  on  the  leeward  side  of  an  area  of  pack  ice. 

Diverging:  Ice  fields  or  floes  in  an  area  are  subjected  to  diverging  or  dis¬ 
persive  motion,  thus  reducing  ice  concentration  and/or  relieving  stress  in 
the  ice. 

Dried  ice:  Sea  ice  from  the  surface  of  which  melt-water  has  disappeared  after 
the  formation  of  cracks  and  thaw  holes.  During  the  period  of  drying,  the 
surface  whitens. 

Easy  area:  A  general  qualitative  expression  to  indicate,  in  a  relative  manner, 
that  ice  conditions  prevailing  in  an  area  are  such  that  navigation  in  it 
is  not  difficult. 

Fast  ice:  Sea  ice  which  forms  and  remains  fast  along  the  coast,  where  it  is 
attached  to  the  shore,  to  an  ice  wall ,  to  an  ice  front ,  between  shoals  or 
grounded  icebergs.  Vertical  fluctuations  may  be  observed  during  changes  of 
sea-level.  Fast  ice  may  be  formed  in  situ  from  sea  water  or  by  freezing  of 
pack  ice  of  any  age  to  the  shore,  and  it  may  extend  a  few  metres  or  several 
hundred  kilometres  from  the  coast.  Fast  ice  may  be  more  than  one  year  old 
and  may  then  be  prefixed  with  the  appropriate  age  category (c£<f,  second-year, 
or  multi-year) .  If  it  is  thicker  than  about  2  m  above  sea-level  it  is  called 
an  ice  shelf. 

Fast-ice  boundary:  The  ice  boundary  at  any  given  time  between  fast  ice  and 
pack  ice. 

Fast-ice  edge:  The  demarcation  at  any  given  time  between  fast  ice  and  open 
water . 

Finger  rafted  ice:  Type  of  rafted  ice  in  which  floes  thrust  "fingers" 
alternately  over  and  under  the  other. 

Finger  rafting:  Type  of  rafting  whereby  interlocking  thrusts  are  formed,  each 
floe  thrusting  "fingers"  alternately  over  and  under  the  other.  Common  in 

nilas  and  grey  ice. 
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Firn:  Old  snow  which  has  recrystallized  into  a  dense  material.  Unlike  snow, 
the  particles  are  to  some  extent  joined  together;  but,  unlike  ice,  the  air 
spaces  in  it  still  connect  with  each  other. 

First-year  ice:  Sea  iee  of  not  more  than  one  winter's  growth,  developing  from 
young  ice-,  thickness  30  cm  -  2  m.  May  be  subdivided  into  thin  first-year 

ioe  /white  ice,  medium  first-year  ice,  and  thick  first-year  ice. 

Flaw:  A  narrow  separation  zone  between  pack  ice  and  fast  ice,  where  the  pieces 
of  ice  are  in  chaotic  state;  it  forms  when  pack  ice  shears  under  the  effect 
of  a  strong  wind  or  current  along  the  fast  ice  boundary. 

Flaw  lead:  A  passage-way  between  pack  ice  and  fast  ice  which  is  navigable 
by  surface  vessels. 

Flaw  polynya:  A  polynya  between  pack  ice  and  fast  ice. 

Floating  ice:  Any  form  of  ice  found  floating  in  water.  The  principal  kinds  of 
floating  ice  are  lake  ice ,  river  ice,  and  sea  ice,  which  form  by  the  freezing 
of  water  at  the  surface,  and  glacier  ice  ( ice  of  land  origin)  formed  on  land 
or  in  an  ice  shelf.  The  concept  includes  ice  that  is  stranded  or  grounded. 

Floe:  Any  relatively  flat  piece  of  sea  ice  20  m  or  more  across.  Floes  are 
subdivided  according  to  horizontal  extent  as  follows: 

GIANT:  Over  10  km  across. 

VAST:  2-10  km  across. 

BIG:  500-2,000  m  across. 

MEDIUM:  100-500  m  across. 

SMALL:  20-100  m  .cross. 

Floeberg:  A  massive  piece  of  sea  ice  composed  of  hummock ,  or  a  group  of 
hummocks,  frozen  together  and  separated  from  any  ice  surroundings.  It  may 
float  up  to  5  m  above  sea-level. 

Flooded  ice:  Sea  ice  which  has  been  flooded  by  melt-water  or  river  water  and 
is  heavily  loaded  by  water  and  wet  snow. 

Fracture:  Any  break  or  rupture  through  very  close  pack  ice ,  compact  pack  ice , 
consolidated  pack  ice,  fast  ice,  or  a  single  floe  resulting  from  deformation 
processes.  Fractures  may  con.iin  brash  ice  and/or  be  covered  with  nilas 
and/or  young  ice.  Length  may  vary  from  a  few  meters  to  many  kilometers. 

Fracture  zone:  An  area  which  has  a  great  number  of  fractures. 

Fracturing:  Pressure  process  whereby  ice  is  permamently  deformed,  and  rupture 
occurs.  Most  commonly  used  to  describe  breaking  across  very  close  pack  ice, 
compact  pack  ice,  and  consolidated  pack  ice. 

Frazil  ice:  Fine  spicules  or  plates  of  ice,  suspended  in  water. 

Friendly  ice:  From  the  point  of  view  of  the  submariner,  an  ice  canopy  con¬ 
taining  may  large  skylights  or  other  features  which  permit  a  submarine  to 
surface.  There  must  be  more  than  ten  such  features  per  30  nautical  miles 
(56  km)  along  the  submarine's  track. 
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Frost  smoke:  Fog-like  clouds  due  to  contact  of  cold  air  with  relatively  warm 
water,  which  can  appear  over  openings  in  the  ice,  or  leeward  of  the  ice  edge , 
and  which  may  persist  while  ice  is  forming. 

Giant  floe:  (see  Floe). 

Glacier:  A  mass  of  snow  and  ice  continuously  moving  from  higher  to  lower 
ground  or,  if  afloat,  continuously  spreading.  The  principal  forms  of 
glacier  are:  inland  ice  sheets,  ice  shelves ,  ice  streams ,  ice  caps,  ice 
piedmonts,  cirque  glaciers,  and  various  types  of  mountain  (valley)  glaciers. 

Glacier  berg:  An  irregularly  shaped  iceberg. 

Glacier  ice:  Ice  in,  or  originating  from,  a  glacier ,  whether  on  land  or  floating 

on  the  sea  as  icebergs ,  bergy  bits ,  or  growlers. 

Glacier  tongue:  Projecting  seaward  extenstion  of  a  glacier ,  usually  afloat. 

In  the  Antarctic  glacier  tongues  may  extend  over  many  tens  of  kilometers. 

Grease  ice:  A  later  stage  of  freezing  than  frazil  ice  when  the  crystals  have 
coagulated  to  form  a  soupy  layer  on  the  surface.  Grease  ice  reflects  little 
light,  giving  the  sea  a  matt  appearance. 

Grey  ice:  Young  ice  10-15  cm  thick.  Less  elastic  than  nilas  and  breaks  on 
swell.  Usually  rafts  under  pressure. 

Grey-white  ice:  Young  ice  15-30  cm  thick.  Under  pressure  more  likely  to 
ridge  than  to  raft. 

Grounded  hummock:  Hummocked  grounded  ice  formation.  There  are  single 
grounded  hummocks  and  lines  (or  chains)  of  grounded  hummocks. 

Grounded  ice:  Floating  ice  which  is  aground  in  shoal  water. 

Growler:  Smaller  piece  of  ice  than  a  bergy  bit  or  floeberg,  often  transparent 
but  appearing  green  or  almost  black  in  color,  extending  less  than  1  m  above 
the  sea  surface  and  normally  occupying  an  area  of  about  20  sq.  m. 

Hostile  ice:  From  the  point  of  view  of  the  submariner,  an  ice  canopy  con¬ 
taining  no  large  skylights. 

Hummock:  A  hillock  of  broken  ice  which  has  been  forced  upwards  by  pressure. 

May  be  fresh  or  weathered.  The  submerged  volume  of  broken  ice  under  the 
hummock,  forced  downwards  by  pressure,  is  termed  a  hummock. 

Hummocked  ice:  Sea  ice  piled  haphazardly  one  piece  over  another  to  form  an 
uneven  surface.  When  weathered,  has  the  appearance  of  smooth  hillocks. 

Hummocking:  The  pressure  process  by  which  sea  ice  is  forced  into  hummocks. 

When  the  floes  rotate  in  the  process  it  is  termed  screwing. 

Iceberg:  A  massive  piece  of  ice  of  greatly  varying  shape,  more  than  5  m  above 
sea-level,  which  has  broken  away  from  a  glacier ,  and  which  may  be  afloat  or 
aground.  Icebergs  may  be  described  as  tabular ,  dome-shaped,  sloping, 
pinnacled,  weathered,  or  glacier  bergs. 
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Iceberg  tongue:  A  major  accumulation  of  icebergs  projecting  from  the  coast, 
held  in  place  by  grounding  and  joined  together  by  fast  ice. 

Ice  blink:  A  whitish  glare  on  low  clouds  above  an  accumulation  of  distant 
ice. 

Ice-bound:  A  harbor,  inlet,  etc.,  is  said  to  be  ice-bound  when  navigation  by 
ships  is  prevented  on  account  of  ice,  except  possibly  with  the  assistance  of 
an  icebreaker. 

Ice  boundary:  The  demarcation  at  any  given  time  between  fast  ice  and  pack 
ice  or  between  areas  of  pack  ice  of  different  concentrations . 

Ice  breccia:  Ice  pieces  of  different  age  frozen  together. 

Ice  cake:  Any  relatively  flat  piece  of  sea  ice  less  than  20  m  across. 

Ice  canopy:  Pack  ice  from  the  point  of  view  of  the  submariner. 

Ice  cover:  The  ratio  of  an  area  of  ice  of  any  concentration  to  the  total 
area  of  sea  surface  within  some  large  geographic  local;  this  local  may 
be  global,  hemispheric,  or  prescribed  by  a  specific  oceanographic  entity 
such  as  Baffin  Bay  or  the  Barents  Sea. 

Ice  edge:  The  demarcation  at  any  given  time  between  the  open  sea  and  sea 
ice  of  any  kind,  whether  fast  or  drifting.  It  may  be  termed  compacted 
or  diffuse. 

Ice  field:  Area  of  pack  ice  consisting  of  any  size  of  floes,  which  is  greater 
than  10  km  across. 

Icefoot:  A  narrow  fringe  of  ice  attached  to  the  coast,  unmovei  by  tides  and 
remaining  after  the  fast  ice  has  moved  away. 

Ice-free:  No  sea  ice  present.  There  may  be  some  ice  of  land  origin. 

Ice  front:  The  vertical  cliff  forming  the  seaward  face  of  an  ice  shelf  or 
other  floating  glacier  varying  in  height  from  2-50  m  or  more  above  sea- 
level. 

Ice  island:  A  large  piece  of  floating  ice  about  5  m  above  sea-level,  which  has 
broken  away  from  an  Arctic  ice  shelf,  having  a  thickness  of  30-50  m  and  an 
area  of  from  a  few  thousand  square  meters  to  500  sq.  km  or  more,  and  usually 
characterized  by  a  regularly  undulating  surface  which  gives  it  a  ribbed 
appearance  from  the  air. 

Ice  jam:  An  accumulation  of  broken  river  ice  or  sea  ice  caught  in  a  narrow 
channel . 

Ice  keel:  From  the  point  of  view  of  the  submariner,  a  downward-projecting 
ridge  on  the  underside  of  the  ice  canopy',  the  counterpart  of  a  ridge.  Ice 
keels  may  extend  as  much  as  50  m  below  sea-level. 


Ice  limit:  Climatological  term  referring  to  the  extreme  minimum  or  extreme 
maximum  extent  of  the  ice  edge  in  any  given  month  or  period  based  on  observa 
tions  over  a  number  of  years.  Term  should  be  preceded  by  minimum  or 
maximum. 

Ice  massif:  A  concentration  of  sea  ice  covering  hundreds  of  square  kilometers 
which  is  found  in  the  same  region  every  summer. 

Ice  of  land  origin:  Ice  formed  on  land  or  in  an  ice  shelf ,  found  floating  in 
water.  The  concept  includes, ice  that  is  stranded  or  grounded. 

Ice  patch:  An  area  of  pack  ice  less  than  10  km  across. 

Ice  port:  An  embayment  in  an  ice  front,  often  of  a  temporary  nature,  where 
ships  can  moor  alongside  and  unload  directly  onto  the  ice  shelf. 

Ice  rind:  A  brittle  shiny  crust  of  ice  formed  on  a  quiet  surface  by  direct 
freezing  or  from  grease  ice ,  usually  in  water  of  low  salinity.  Thickness 
to  about  5  cm.  Easily  broken  by  wind  or  swell,  commonly  breaking  in 
rectangular  pieces. 

Ice  shelf:  A  floating  ice  sheet  of  considerable  thickness  showing  2-50  m  or 
more  above  sea-level,  attached  to  the  coast.  Usually  of  great  horizontal 
extent  and  with  a  level  or  gently  undulating  surface.  Nourished  by  annual 
snow  accumulation  and  often  also  by  the  seaward  extension  of  land  glaciers . 
Limited  areas  may  be  aground.  The  seaward  edge  is  termed  an  ice  front. 

Ice  stream:  Part  of  an  inland  ice  sheet  in  which  the  ice  flows  more  rapidly 
and  not  necessarily  in  the  same  direction  as  the  surrounding  ice.  The 
margins  are  sometimes  clearly  marked  by  a  change  in  direction  of  the  surface 
slope  but  may  be  indistinct. 

Ice  under  pressure:  Ice  in  which  deformation  processes  are  actively  occurring 
and  hence  a  potential  inpediment  or  danger  to  shipping. 

Ice  wall:  An  ice  cliff  forming  the  seaward  margin  of  a  glacier  which  is  not 
afloat.  An  ice  wall  is  aground,  the  rock  basement  being  at  or  below  sea- 
level  . 

Lake  ice:  Ice  formed  on  a  lake,  regardless  of  observed  location. 

Large  fracture:  More  than  500  m  wide. 

Large  ice  field:  An  ice  field  over  20  km  across. 

Lead:  Any  fracture  or  passage-way  through  sea  ice  which  is  navigable 
by  surface  vessels. 

Level  ice:  Sea  ice  which  is  unaffected  by  deformation. 

Light  nilas:  Nilas  which  is  more  than  5  cm  in  thickness  and  rather  lighter 
in  color  than  dark  nilas. 
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Mean  ice  edge:  Average  position  of  the  ice  edge  in  any  given  month  or  period 
based  on  observations  over  a  number  of  years.  Other  terms  which  may  be  used 
are  mean  maximum  ice  edge  and  mean  minimum  ice  edge. 

Medium  first-year  ice:  First-year  ice  70-120  cm  thick. 

Medium  floe:  (see  Floe). 

Medium  fracture:  200  to  500  m  wide. 

Medium  ice  field:  An  ice  field  15-20  km  across. 

Multi-year  ice:  Old  ice  up  to  3  m  or  more  thick  which  has  survived  at  least 
two  summers'  melt.  Hummocks  even  smoother  than  in  second-year  ice,  and  the 
ice  is  almost  salt-free.  Color,  where  bare,  is  usually  blue.  Melt  pattern 
consists  of  large  interconnecting  irregular  puddles  and  a  well -developed 
drainage  system. 

New  ice:  A  general  term  for  recently  formed  ice  which  includes  frazil  ice, 
grease  ice ,  slush ,  and  shuga.  These  types  of  ice  are  composed  of  ice  crystals 
which  are  only  weakly  frozen  together  (if  at  all)  and  have  a  definite  form 
only  while  they  are  afloat. 

New  ridge:  Ridge  newly  formed  with  sharp  peaks  and  slope  of  sides  usually 
40°.  Fragments  are  visible  from  the  air  at  low  altitude. 

Nilas:  A  thin  elastic  crust  of  ice,  easily  bending  on  waves  and  swell  and 
under  pressure,  thrusting  in  a  pattern  of  interlocking  "fingers"  ( finger 
rafting).  Has  a  matt  surface  and  is  up  to  10  cm  in  thickness.  May  be 
subdivided  into  dark  nilas  and  light  nilas. 

Nip:  Ice  is  said  to  nip  when  it  forcibly  presses  against  a  ship.  A  vessel 
so  caught,  though  undamaged,  is  said  to  have  been  nipped. 

Old  ice:  Sea  ice  which  has  survived  at  least  one  summer's  melt.  Most 
topographic  features  are  smoother  than  on  first-year  ice.  May  be  subdivided 
into  second-year  ice  and  multi-year  ice. 

Open  pack  ice:  Pack  ice  in  which  the  ice  concentration  is  4/10  to  6/10 
(3/8  to  less  than  6/8)  with  many  leads  and  polynyas,  and  the  floes 
are  generally  not  in  contact  with  one  another. 

Open  water:  A  large  area  of  freely  navigable  water  in  which  sea  ice  is 
present  in  concentrations  less  than  1/10  (1/8).  When  there  is  no  sea  ice 
present,  the  area  should  be  termed  ice- free,  even  though  icebergs  are 
present. 

Pack  ice:  Term  used  in  a  wide  sense  to  include  any  area  of  sea  ice,  other 
than  fast  ice,  no  matter  what  from  it  takes  or  how  it  is  disposed. 

Pancake  ice:  Predominantly  circular  pieces  of  ice  from  30  cm  -  3  m  in  diameter, 
and  up  to  about  10  cm  in  thickness,  with  raised  rims  due  to  the  pieces  striking 
against  one  another.  It  may  be  formed  on  a  slight  swell  from  grease  ice ,  shuga 
or  slush  or  as  a  result  of  the  breaking  of  ice  rind,  nilas  or,  under  severe 
conditions  of  swell  or  waves,  of  grey  ice.  It  also  sometimes  forms  at  some 
depth,  at  an  interface  between  water  bodies  of  different  physical  characteristics, 
from  where  it  floats  to  the  surface;  its  appearance  may  rapidly  cover  wide  areas 
of  water. 


Polynya:  Any  non-linear  shaped  opening  enclosed  in  ice.  Polynyas  may  contain 
brash  ioe  and/or  be  covered  with  new  iee ,  nilas  or  young  ioe\  submariners 
refer  to  these  as  skylights.  Sometines  the  polynya  is  limited  on  one  side  by 
the  coast  and  is  called  a  shore  polynya  or  by  fast  ioe  and  is  called  a 
flaw  polynya.  If  it  recurs  in  the  same  position  every  year,  it  is  called  a 
recurring  polynya. 

Puddle:  An  accumulation  on  ice  of  melt-water,  mainly  due  to  melting  snow, 
but  in  the  more  advanced  stages  also  to  the  melting  of  ice.  Initial  stage 
consists  of  patches  of  melted  snow. 

Rafted  ice:  Type  of  deformed  ice  formed  by  one  piece  of  ice  overriding 
another. 

Rafting:  Pressure  processes  whereby  one  piece  of  ice  overrides  another.  Most 
common  in  new  and  young  ioe. 

Ram:  An  underwater  ice  projection  from  an  ioe  wall ,  ioe  front,  iceberg,  or 
floe.  Its  formation  is  usually  due  to  a  more  intensive  melting  and  erosion 
of  the  unsubmerged  part. 

Recurring  polynya:  A  polynya  which  recurs  in  the  same  position  every  year. 

Ridge:  A  line  or  wall  of  broken  ice  forced  up  by  pressure.  May  be  fresh  or 
weathered.  The  submerged  volume  of  broken  ice  under  a  ridge,  forced 
downwards  by  pressure,  is  termed  an  ice  keel. 

Ridged  ice:  Ice  piled  hapharzardly  one  piece  over  another  in  the  form  of  ridges 
or  walls.  Usually  found  in  first-year  ice. 

Ridged-ice  zone:  An  area  in  which  much  ridged  ioe  with  similar  characteristics 
has  formed. 

Ridging:  The  pressure  process  by  which  eeaice  is  forced  into  ridges. 

River  ice:  Ice  formed  on  a  river,  regardless  of  observed  location. 

Rotten  ice:  Sea  ice  which  has  become  honeycombed  and  which  is  in  an  advanced 
state  of  disintegration. 

Sastrugi:  Sharp,  irregular  ridges  formed  on  a  snow  surface  by  wind  erosion 
and  deposition.  On  mobile  floating  ice  the  ridges  are  parallel  to  the 
direction  of  the  prevailing  wind  at  the  time  they  were  formed. 

Sea  ice:  Any  form  of  ice  found  at  sea  which  has  originated  from  the 
freezing  of  sea  water. 

Second-year  ice:  old  ioe  which  has  survived  only  one  summer's  melt.  Because 
it  is  thicker  and  less  dense  than  first-year  ioe ,  it  stands  higher  out  of 
the  water.  In  contrast  to  multi-year  ioe ,  summer  melting  produces  a  regular 
pattern  of  numerous  small  puddles.  Bare  patches  and  puddles  are  usually 
greenish-blue. 
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Shearing:  An  area  of  pack  ice  is  subject  to  shear  when  the  ice  motion  varies 
significantly  in  the  direction  normal  to  the  motion,  subjecting  the  ice  to 
rotational  forces.  These  forces  may  result  in  phenomena  similar  to  a  flaw. 

Shore  lead:  A  lead  between  pack  ice  and  the  shore  or  between  pack  ice  and 
an  ice  front. 

Shore  polynya:  A  polynya  between  pack  ice  and  the  coast  or  between  pack 
ice  and  an  ice  front. 

Shuga:  An  accumulation  of  spongy  white  ice  lumps,  a  few  centimeters  across; 
they  are  formed  from  grease  ice  or  slush  and  sometimes  from  anchor  ice 
rising  to  the  surface. 

Skylight:  From  the  point  of  view  of  the  submariner,  thin  places  in  the 
ice  canopy,  usually  less  than  1  m  thick  and  appearing  from  below  as  relatively 
light,  translucent  patches  in  dark  surroundings.  The  under-surface  of  a  sky¬ 
light  is  normally  flat.  Skylights  are  called  large  if  big  enough  for  a 
submarine  to  attempt  to  surface  through  them  (120  m),  or  small  if  not. 

Slush:  Snow  which  is  saturated  and  mixed  with  water  on  land  or  ice  surfaces, 
or  as  a  viscous  floating  mass  in  water  after  a  heavy  snowfall. 

Small  floe:  (see  Floe). 

Small  fracture:  50  to  200  m  wide. 

Small  ice  cake:  An  ice  cake  less  than  2  m  across. 

Small  ice  field:  An  ice  field  10-15  km  across. 

Snow-covered  ice:  Ice  covered  with  snow. 

Snowdrift:  An  accumulation  of  wind-blown  snow  deposited  in  the  lee  of 
obstructions  or  heaped  by  wind  eddies.  A  crescent-shaped  snowdrift,  with 
ends  pointing  down-wind,  is  known  as  a  snow  barchan. 

Standing  floe:  A  separate  floe  standing  vertically  or  inclined  and  enclosed 
by  rather  smooth  ice. 

Stranded  ice:  Ice  which  has  been  floating  and  has  been  deposited  on  the  shore 
by  retreating  high  water. 

Strip:  Long  narrow  area  of  pack  ice,  about  1  km  or  less  in  width,  usually 
composed  of  small  fragments  detached  from  the  main  mass  of  ice,  and  run 
together  under  the  influence  of  wind,  swell,  or  current. 

Tabular  berg:  A  flat-topped  iceberg.  Most  tabular  bergs  form  by  calving 
from  an  ice  shelf  and  show  horizontal  banding. 

Thaw  holes:  Vertical  holes  in  sea  ice  formed  when  surface  puddles  melt 
through  to  the  underlying  water. 

Thick  first-year  ice:  First-year  ice  30-70  cm  thick. 
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Tide  crack:  Crack  at  the  line  of  junction  between  an  immovable  ice  foot  or 
ice  wall  and  fast  ice ,  the  latter  subject  to  rise  and  fall  of  the  tide. 

Tongue:  A  projection  of  the  ice  edge  up  to  several  kilometers  in  length, 
caused  by  wind  or  current. 

Vast  floe:  (see  Floe). 

Very  close  pack  ice:  Pack  ice  in  which  the  concentration  is  9/10  to  less  than 
10/10  (7/8  to  less  than  8/8). 

Very  open  pack  ice:  Pack  ice  in  which  the  concentration  is  1/10  to  3/10  (1/8 
to  less  than  3/8)  and  water  preponderates  over  ice. 

Very  small  fracture:  0  to  50  m  wide. 

Very  weathered  ridge:  Ridge  with  tops  very  rounded,  slope  of  sides  usually 
20°  -  30°. 

Water  sky:  Dark  streaks  on  the  underside  of  low  clouds,  indicating  the 
presence  of  water  features  in  the  vicinity  of  sea  ice. 

Weathered  ridge:  Ridge  with  peaks  slightly  rounded  and  slope  of  sides 
usually  30°  to  40°.  Individual  fragments  are  not  discernible. 

Weathering:  Processes  of  ablation  and  accumulation  which  gradually  eliminate 
irregularities  in  an  ice  surface. 

White  ice:  See  Thin  first-year  ice. 

Young  coastal  ice:  The  initial  stage  of  fast  ice  formation  consisting  of 
nilas  or  young  ice,  its  width  varying  from  a  few  meters  up  to  1 C0-200  m 
from  the  shoreline. 

Young  ice:  Ice  in  the  transition  stage  between  nilas  and  first-year  ice , 

10-30  cm  in  thickness.  May  be  subdivided  into  grey  ice  and  grey-white  ice. 
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APPENDIX  B 


CALCULATED  ICE  STRENGTHENED  SCANTLINGS 
FOR  THREE  REPRESENTATIVE  SHIPS 

Abbreviations  used  in  this  Appendix  are  as  follows: 

MS  =  Mild  steel 

HTS  =  Higher  strength  steel 

ASTM  =  American  Society  for  Testing  and  Materials 

USCG  =  United  States  Coast  Guard 

ABS  =  American  Bureau  of  Shipping 

LR  =  Lloyd's  Register  of  Shipping  (British) 

DNV  =  Det  Norske  Veritas  (Norwegian) 

BV  =  Bureau  Veritas  (French) 

NKK  =  Nippon  Kaiji  Kyokoi  (Japanese) 

GL  =  Germanisscher  Lloyd  (German) 
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**  Should  be  equal  to  rule  value  of  1.05. 
*  Rule  values  are  from  ABS. 
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REGISTER  OF  THE  PEOPLES  REPUBLIC 
OF  CHINA 
ARCTIC  TANKER* 


METHOD  USED  TO  CALCULATE  THE  LOAD  CARRYING 
CAPABILITY  OF  SHELL  PLATING  AND  TRANSVERSE  FRAMES 

The  load  carrying  capability  of  each  of  the  Ice  strengthened  structures 
was  calculated  by  the  method  used  by  Johansson  [B-16]  in  the  analysis  of  ice 
damage  data.  This  method  assumes  that  the  plating  and  framing  can  no  longer 
carry  a  load  when  3  plastic  hinges  are  formed. 

Plating  Is  assumed  to  be  a  fixed-fixed  beam  with  a  uniformly  distributed 
load.  Then  the  pressure  to  form  3  plastic  hinges  Is 

P[ps11*S£-  (B-l ) 

a  rd 

where 

o  *  yield  stress  of  the  material  [psil 

y 

t  =  plating  thickness  [in] 

8  =  frame  spacing  [in] 

/ ,  =  a  factor  which  gives  a  reduction  in  plating  stress  due 
a  to  limited  vertical  extension  of  the  ice  pressure 

Transverse  frames  are  assumed  to  be  fixed-fixed  beams  with  a  uniformly 
distributed  load  800  mm  long  acting  at  mid-span.  Then  the  pressure  which  the 
frames  will  support  prior  to  development  of  three  plastic  hinges  is: 


16 ay  [SM] 
as  (Zl-a) 


(B-2) 


where 

a  and  e  are  defined  above 

y  „  _ 

l  »  frame  span  [ft] 

a  *  extent  of  the  load  [In] 

SM  *  section  modulus  of  the  frame  and  associated 
plating  [in3] 

Substituting  800  mm  [31.5  In]  for  o  and  applying  unit  conversion 
constants,  equation  (B-2)  becomes: 


p  [psil  « 


(B-3) 


Then  the  normal  load  carrying  capability  Is  the  load  the  plating  or  framing 
will  carry  (p)  over  the  pressure  specified  in  the  rules  (P^^). 


TABLE  1-2.2 

COMPARISON  Of  ICE  STRENGTHENED  SCANTLINGS 
IN  TERMS  Of  NORMALIZED  LOAD  CARRYING  CAPABILITY 


N.*.  ARCTIC 

FRAME  SPAC.  FRAME  S.M. 


CLASS 

AREA 

[In] 

tin*! 

♦A1 

H 

32.9 

116.9 

BBS 

32.9 

116.9 

A 

B 

16. S 

116.9 

N 

16. 5 

116.9 

S 

16. 5 

116.9 

B 

B 

16.5 

116.9 

H 

12.9 

116.9 

S 

32.9 

116.9 

C 

8 

18.  S 

102.3 

M 

32.9 

116.9 

S 

32.9 

116.9 

1AA 

B 

32.9 

234.2 

N 

32.9 

122.3 

S 

32.9 

116.9 

IA 

8 

32.9 

213.2 

M 

32.9 

116.9 

S 

32.9 

116.9 

IB 

B 

32.9 

191 .6 

M 

32.9 

116.9 

S 

32.9 

116.9 

IC 

B 

32.9 

170. B 

M 

32.9 

116.9 

S 

32.9 

116.9 

1* 

B 

16.  S 

116.9 

N 

16.5 

116.9 

S 

16.5 

116.9 

1 

B 

16.5 

116.9 

N 

16.5 

116.9 

s 

16.5 

116.9 

2 

B 

16.5 

116.9 

M 

32.9 

1169 

S 

32.9 

116.9 

3 

B 

16.5 

96.5 

M 

32.9 

116.9 

S 

32.9 

116.9 

IA  Super  1 

IA 

^ _ 

- At  UC  __ 

IB  i 

1C  ] 

1 

B 

32.9 

249-7 

H 

1169 

S 

1169 

IA 

B 

1995 

M 

116.9 

5 

324.6 

2 

B 

599.2 

H 

259.7 

S 

499.4 

} 

B 

799.0 

N 

399.5 

S 

659.2 

4 

B 

998.7 

M 

579.3 

S 

1 

BI9.0 

t 

B 

I 

! 

1198.5 

M 

659.2 

s 

938.8 

7 

B 

1398.2 

M 

749.1 

S 

1048.7 

8 

B 

1498.1 

M 

848.9 

S 

1198.5 

10 

B 

1498.1 

N 

948.8 

S 

1198.5 

ICE  C 

B 

12.0 

284.0 

N 

32.9 

116.9 

S 

32.9 

116.9 

ICEBREAKER 

B 

20.5 

1161.0 

M 

20.5 

1161.0 

S 

20.5 

1161.0 

ARCTIC 

8 

20.5 

1451.0 

ICEBREAKER 

N 

20.5 

1451.0 

S 

20.5 

1451.0 

PLATE  THICK. 
[Ini 

WPRu1e 

ftst 

*Vr4«e 

fosll 

WAn1. 

0.67 

NA 

104 

146 

NA 

0.60 

HA 

83 

146 

NA 

1.00 

9.12 

757 

292 

2.00 

0.84 

5.13 

534 

292 

2.00 

0.84 

6.43 

534 

292 

2.00 

1.00 

9.12 

757 

292 

2.00 

0.89 

1.76 

183 

146 

1.00 

0.77 

1.65 

137 

146 

1.00 

0.84 

6.43 

534 

255 

1.75 

0.67 

1.00 

104 

146 

1  00 

0.67 

1.25 

104 

146 

1.00 

1.57 

6.86 

569 

293 

2.01 

1.16 

2.99 

311 

153 

1.05 

1.00 

2.78 

231 

146 

1.00 

1.50 

6.27 

520 

267 

1 .83 

1.04 

2.40 

250 

146 

1.00 

0.87 

2.11 

175 

146 

1.00 

1.43 

5.69 

472 

240 

1.64 

0.87 

1.66 

175 

146 

1.00 

0.70 

1.36 

113 

146 

1.00 

1.35 

5.07 

421 

214 

1.47 

0.67 

1.00 

104 

146 

1.00 

0.60 

t.00 

83 

146 

1.00 

1.25 

14.25 

1183 

292 

2.00 

0.75 

4.10 

426 

292 

2.00 

0.67 

4.10 

340 

292 

2.00 

0.80 

5. 84 

485 

292 

2.00 

0.67 

3.27 

340 

292 

2.00 

0.67 

4.09 

340 

292 

2.00 

0.80 

5.84 

485 

292 

2.00 

0.67 

1.00 

104 

146 

1.00 

0.87 

2.11 

175 

146 

1.00 

0.67 

4.09 

340 

240 

1.64 

0.67 

1.00 

104 

146 

1.00 

0.60 

1.00 

83 

146 

1.00 

1.55 

6- 69 

555 

313 

2.14 

0.98 

2.13 

222 

146 

1.00 

0.98 

2.67 

222 

146 

1.00 

1.96 

10.68 

887 

500 

3.42 

0.98 

2.13 

222 

146 

1.00 

1.77 

B.  72 

724 

406 

2.78 

2.40 

10.02 

1330 

750 

5.14 

1.58 

5.54 

576 

325 

2.23 

2.19 

13.34 

1108 

625 

4.28 

2.77 

21.35 

1772 

1000 

6.85 

1.96 

8.53 

887 

500 

3.42 

2.52 

17.46 

1467 

826 

5.66 

3.10 

26.73 

2219 

1751 

8.57 

2  26 

11.35 

1180 

663 

4.54 

2.81 

71.98 

1824 

1026 

7  03 

3.40 

32.17 

2670 

1501 

10.28 

2.52 

14.11 

1467 

826 

5.66 

3.01 

25.22 

2093 

1176 

8. OS 

3.67 

37.48 

3111 

1751 

11.99 

2.69 

16.07 

1671 

938 

6.42 

3.18 

28.14 

2336 

1313 

8.99 

3.80 

40.18 

3335 

1876 

12.85 

2.86 

18.16 

1889 

1063 

7.28 

3.40 

32.17 

2670 

1501 

10.28 

3.80 

40.15 

3335 

1876 

12.85 

3.02 

20.26 

2107 

1188 

8.14 

3.40 

32.17 

2670 

1501 

10.28 

1.00 

1402 

975 

6.67 

0.67 

1.00 

104 

146 

1.00 

0.60 

1.00 

83 

146 

1.00 

0.85 

4.46 

370 

2333 

15.98 

0.68 

2.28 

237 

2333 

15.98 

0.85 

4.46 

370 

2333 

15.98 

1.11 

7.60 

631 

2916 

19.97 

0.98 

4.72 

491 

2916 

19.97 

1.11 

7.60 

631 

2916 

19.97 
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TMLE  8-2.3 

COMPARISON  Of  ICE  STRENGTHENED  SCANTLINGS 
IN  TERMS  OF  NORMALIZED  LOAD  CARRYING  CAPABILITY 


ARCTIC  TANKER 


FRAME  SPAC. 

FRAME  S.M. 

PLATE  THICK. 

p/fW,T« 

EH 

CLASS 

AREA 

[ml 

[m*i 

[ml 

ftO 

♦  At 

M 

J9.5 

38. A 

1.05 

NA 

196 

166 

NA 

BIS 

39. S 

38.4 

0.78 

HA 

108 

166 

NA 

A 

B 

19.9 

38.4 

1.00 

5.03 

543 

332 

2.00 

M 

19. B 

38.4 

1.05 

3.05 

598 

332 

2.00 

S 

19.0 

38.4 

1.00 

5.03 

543 

332 

2.00 

B 

B 

19.0 

30.4 

1.00 

5.03 

543 

332 

2.00 

H 

39.  S 

38.4 

1.05 

1.00 

196 

166 

1.00 

s 

39. S 

38.4 

1.00 

1.05 

178 

166 

1.00 

c 

B 

19.0 

33.5 

1.00 

S.03 

543 

290 

1.75 

H 

39,5 

38.4 

1.05 

1 .00 

196 

166 

1.00 

S 

38.4 

0.78 

1.00 

106 

166 

1.00 

1AA 

8 

67.8 

1.81 

5.40 

583 

294 

1.77 

M 

38.4 

1.33 

1.61 

315 

166 

1.00 

S 

38.4 

1.15 

2.18 

235 

166 

1.00 

IA 

B 

61.7 

1.73 

4.94 

533 

267 

1.61 

H 

38.4 

1.20 

1.31 

256 

166 

1.00 

S 

38.4 

0.99 

1.61 

174 

166 

1.00 

IB 

B 

55.7 

1.64 

4.44 

479 

241 

1.45 

M 

38.4 

1.05 

1.00 

196 

166 

1.00 

S 

38.4 

0.80 

1.06 

114 

166 

1.00 

1C 

B 

49.4 

1.55 

3.96 

428 

214 

1.29 

H 

38.4 

1.05 

1.00 

196 

166 

1.00 

S 

38.4 

0.73 

1.00 

108 

166 

1.00 

1* 

B 

19.  B 

38.4 

1.25 

7.85 

848 

312 

2.00 

M 

19.8 

38.4 

1.25 

4.33 

848 

332 

2.00 

S 

19.8 

38.4 

1.15 

6.65 

718 

332 

2.00 

1 

B 

19. 8 

38.4 

1.00 

5.03 

543 

132 

2.00 

M 

19.8 

38.4 

1.05 

3.05 

598 

332 

2.00 

s 

19. B 

38.4 

1.00 

5.03 

543 

332 

2.00 

2 

B 

19.8 

38.4 

1.00 

5.03 

543 

332 

2.00 

N 

39.5 

38.4 

1.05 

1.00 

196 

166 

1.00 

s 

39.5 

38.4 

1.00 

1.65 

178 

166 

1.00 

3 

B 

19.8 

31.7 

1.00 

5.03 

543 

274 

1.65 

N 

39.5 

38.4 

1.05 

1.00 

196 

166 

1.00 

s 

39.5 

38.4 

0.78 

1.00 

108 

166 

1.00 

I A  Super  ] 
IA  1 

18  1 

same  as  ~ 

IC  ] 

) 

B 

39.5 

106.? 

2.36 

9.19 

992 

460 

2.77 

H 

38.4 

1.18 

1.29 

248 

166 

1.00 

S 

38.4 

1.18 

2.10 

248 

166 

1.00 

IA 

B 

159.4 

2,88 

13.67 

1477 

690 

4.16 

H 

69.1 

1,90 

3.28 

641 

299 

1.80 

S 

86.3 

2.12 

7.41 

800 

374 

2.25 

B 

Z12.6 

3.33 

18.28 

1924 

920 

5.54 

H 

106.? 

2.36 

5.06 

992 

460 

2.11 

S 

132.8 

2.61 

11.40 

1231 

57S 

1.46 

B 

265.  b 

3.72 

22.81 

2463 

1150 

6.91 

M 

140.8 

2.71 

6.67 

1108 

610 

3.67 

S 

175.3 

3.03 

15.14 

1635 

759 

4.57 

318.7 

4.06 

27.44 

2964 

1380 

8.11 

M 

175.3 

3.03 

8.14 

1635 

759 

4,57 

S 

?!7 .8 

3.37 

18. 72 

2022 

943 

5.68 

B 

371.8 

4.41 

32.06 

3462 

1610 

9.70 

199.2 

3.23 

9.47 

1857 

863 

5.20 

S 

249.7 

3.61 

21.48 

2320 

1081 

6.51 

398.4 

4.56 

34.28 

3702 

1725 

10.19 

225.7 

3.43 

10.69 

2095 

977 

5.89 

S 

278.9 

3.82 

24.06 

2598 

1208 

7.28 

398. 4 

4.56 

34.28 

3702 

1725 

10.39 

252.3 

3.63 

11.97 

2346 

1091 

6.58 

s 

318.7 

4.08 

27.44 

2964 

1180 

8.31 

398.4 

4.56 

34.28 

1702 

1725 

10.19 

252.3 

3.63 

11.97 

2346 

1093 

6  58 

s 

318.7 

4.08 

27.44 

2964 

1380 

8.31 

114 


ICEBREAKER 


ARCTIC 

ICEBREAKER 


IA* 

IA 

IB  " 

1C 

BUREAU  Glace  I- Super 

VERITAS 


BUREAU  Glace  I 

VERITAS 


Glace  II 


Glace  III 


IA  Super 

IA 

IB 

1C 

USSR  VA 


Al 


A2 


A3 


AA 


NKK  AA 


A 


B 


C 


I A  Super 
IA 
IB 
1C 

PEOPLES  BI* 

REPUBLIC  OF 
CHINA 

BI 


811 


BUI 


PEOPLES  B 

REPUB-  (River 

UC  OF  CHINA  Vessels) 


TA8LEB-2.3  (Continued) 

COMPARISON  OF  ICE  STRENGTHENED  SCANTLINGS 

IN  TERMS  OF  NORMALIZED  LOAO  CARRYING  CAPABILITY 

ARCTIC  JANKER 

FRA?E  FM?E  f hate  THICK.  P/P-,. 

AREA  [In]  [In’]  [In]  *“*• 

faVf 

tor 

"'Rule 

B 

12.0 

103.5 

1.00 

12.86 

1389 

8.89 

M 

39.5 

38.4 

1.05 

1.00 

196 

166 

1.00 

s 

39.5 

38.4 

0.78 

1.00 

166 

1.00 

B 

27.9 

61.2 

3.17 

28.13 

375 

2.26 

M 

61.2 

2.53 

9.87 

1935 

375 

2.26 

5 

61.2 

3.17 

28.13 

3038 

375 

2.26 

B 

76.5 

4.12 

47.5! 

5131 

469 

2.83 

H 

76.5 

3.29 

16.69 

3272 

469 

2.83 

S 

4.12 

47.51 

5131 

469 

2.83 

—  Same  as  ABS 

- - 

•  -  - 

B 

19.8 

1.26 

7.98 

862 

498 

3.00 

N 

19. fl 

38.4 

1.26 

4.40 

862 

332 

2.00 

S 

19.8 

57.6 

1.26 

7.96 

862 

498 

3.00 

B 

19.8 

57.6 

1.00 

5.03 

543 

498 

3.00 

N 

19.8 

38.4 

1.05 

3.05 

598 

332 

2.00 

S 

19. B 

57.6 

1.00 

5.03 

543 

498 

3.00 

8 

19.8 

57.6 

1.00 

5.03 

543 

498 

3.00 

M 

39.5 

38.4 

1.05 

1.00 

196 

166 

1.00 

S 

39.5 

38.4 

1.00 

1.65 

178 

166 

1.00 

B 

19.8 

33.6 

1.00 

5.03 

543 

290 

1.75 

M 

39.5 

38.4 

1.05 

1.00 

196 

166 

1.00 

S 

39.5 

38.4 

1.00 

1 .65 

178 

166 

1.00 

B 

19.8 

70.5 

2.02 

20.50 

2214 

609 

3.67 

H 

19.8 

51.8 

1.39 

5.35 

1049 

447 

2.69 

s 

19.8 

51.8 

1.39 

9.71 

1049 

447 

2.69 

B 

19. B 

42.3 

1.58 

12.55 

1355 

365 

2.20 

H 

19.8 

38.4 

1.35 

5.05 

989 

332 

2.00 

s 

19.8 

38.4 

1.35 

9.16 

989 

332 

2.00 

B 

19.8 

42.3 

1.00 

5  03 

543 

365 

2.20 

M 

39.5 

38.4 

1.05 

1.00 

1% 

166 

1.00 

5 

39.5 

38.4 

1.00 

1.65 

178 

166 

1.00 

B 

19.8 

33.6 

1.00 

5.03 

543 

290 

1.75 

M 

39.5 

38,4 

1.05 

1.00 

196 

166 

1.00 

s 

39.5 

38.4 

0.78 

1.00 

108 

166 

1.00 

B 

23.7 

38.4 

1.00 

3.67 

396 

277 

1.67 

M 

39.5 

38.4 

1.05 

1.00 

196 

166 

1.00 

• 

S 

39.5 

38.4 

0.78 

1.00 

108 

166 

1.00 

B 

19.8 

185.7 

1.83 

16.82 

1817 

1604 

9.66 

■ 

M 

98.7 

1.31 

4.75 

931 

853 

5.14 

* 

s 

185.7 

1.30 

8.49 

917 

•1604 

9.66 

: 

B 

123.8 

1.52 

11.61 

1254 

1069 

6.44 

M 

66.2 

1.18 

3.87 

756 

570 

3.43 

.* 

s 

123.8 

1.30 

8.49 

917 

1069 

6.44 

< 

B 

84.4 

1.52 

11.61 

1254 

729 

4.39 

M 

39.5 

38.4 

1.12 

1.14 

223 

166 

1.00 

•i 

s 

19.  B 

84.4 

0.92 

4.25 

459 

729 

4.39 

B 

19.8 

39.4 

1.30 

8.49 

917 

340 

2.05 

* 

M 

39.5 

38.4 

1.05 

196 

166 

1.00 

$ 

19.8 

39.4 

0.78 

3.06 

330 

340 

2.05 

* 

8 

19.8 

76.8 

1.26 

7.98 

862 

663 

3.99 

M 

19.8 

38.4 

1.26 

862 

332 

2.00 

s 

19.  B 

76.8 

1.26 

7.98 

862 

663 

3.99 

m; 

B 

19.8 

76.8 

1.00 

5.03 

543 

663 

3.99 

M 

19.8 

38.4 

1.05 

3.05 

598 

332 

2.00' 

s 

19.8 

76.8 

1.00 

5.03 

543 

663 

3.99 

B 

19.8 

76.8 

1.00 

5.03 

543 

663 

3.99 

.. 

H 

39.5 

38.4 

1.05 

1.00 

196 

166 

1.00 

5 

39.5 

38.4 

1.00 

1.65 

178 

166 

1.00 

B 

39.5 

38.4 

1.00 

1.65 

178 

166 

1.00 

M 

39.5 

38.4 

mm  h  i 

1.00 

196 

166 

1.00 

s 

39.5 

38.4 

0.78 

1.00 

108 

166 

1.00 

" 

B 

N 

S 


19.8 
39.  S 
39. 5 


25.0 

38.4 

38.4 


APPENDIX  B-3 

TABULAR  LISTING  OF  LOW -TEMPERATURE 
STEELS  AND  THEIR  PROPERTIES 


TABLE  B-3.2 


STEP.  TTPB  PROPOSED  FOR  SHIPS  NAVIGATING  IN  ICt 


MATERIAL 

specification  bouacii 


Additional  nataciala 
propoMd  for  ica- 
strangthanad  ahipa  as 
raooaaandad  by  staal 
■anufactursrs 


REGION  Of  APPLICATION! 


ICE  BELT,  ICE 
rEAMES,  SHELL, 
HEATHER  DECKB 

ICE  STRINGERS  6 
OTHER  ICE 

TO  SHELL  • 
HEATHER  DECKS 

ASTH-A  710 

Gr.A,  Class  3 

Ditto 

Ditto 

ASTH-A  633 

St.  A  t  1 

61 

« 

ASTH-A  633 

Gr.  C 

■ 

a 

ASTH-A  633 

GC.  0 

m 

m 

ASTH-A  633 
or.  E 

m 

m 

ASTH-A  737 

Gt.  B 

m 

m 

ASTH-A  67S 
or.  A 

m 

m 

ASTH-A  67S 

Gr.  B 

m 

m 

ASTH-A  678 

Gr.  C 

m 

m 

ABB  Gr.  V-039 

m 

m 

ABB  Gr.  V-051 

» 

m 

rrctL  TYHt  t  Giunc 


TAKE  1-3. 3  (CootlMMd) 


gggtin  or  itmla  a—  gag  ici-«w ai—e  gngg 


itul  rm  ft  amn 

AM 

»  »«•  > 

Norake  Verltaa  ] 

MS  Gr.  wva  j 

mocns  or  mmir*civm 

gjjgjgg 

DIO* I DAT ION 

r”**nNNNNMNMMN 

1  .  '.ifti.  Lil. 

1  ■'  III  MMMHMHa 

LaniuMM 

ij^vTTTrm^MeeeeMe 

CHEMICAL  COMmCITIOM 
(Ladle  liMlyaia  -  ft) 

Carbon  I  mm.) 

bKMfhonM  (MM.) 
•ulpbui  (MM.) 

II 1  icon 

ChroMluM 

Nickel 

(blybbniM 

Onpptr 

Tttentiae 

vanatiiw 

Al  taalnun 

Othava 

Notes i 

The  carbon  content  ♦  1/ft  o( 
the  ManqaneM  content  la 
not  to  Meeed  1.40ft.  If 
tbla  condition  la 
eAtiefied,  nenqeneM  May 
be  qp  to  l.ftftft. 

0.21 

0.M  -  1.10* 

0.04 

0.04 

0. J5  Man. 

*0.00  nln.  for  fully 
killed  or  cold  flenqing 
quality. 

The  ohm  a i  carbon  oontant 
plus  1/6  of  the  nanqanaoa 
content  Shall  not  aareed 
0.40ft. 

1.21 

0.10  nin.* 

0.04 

0.04 

0.  SO  MM. 

•If  all  icon  onntent  la 

0.10  or  anre ,  Min. 

ManqaneM  nay  be  0.60. 

Carlton  pl«aa  1/6  of  the 
ManqaneM  content  la  not  b 
exceed  0.40ft. 

0.21 

0.10* 

0.04 

0.04 

0.1S  MM. 

•If  ell  Icon  content  io 

0.10,  nln.  ManqaneM 
nay  be  reduced  to  0.60ft. 

tm.il.  ■gniMm 
ultuat.  m/mf  mu 

tui.  iBU.m/mA  mu 
naqHlM  (nU-l  *  u 
*.*»  ir.inior. 
noted  (A*eree  of  epe.l 

41  -  SO  (ft!  -  11) 

24  04) 

21  in  200  NN  (|  M)  or  24 
in  SO  MM  (2  IN) 

41  -  SO  (ft!  -  71) 

24  (34) 

22 

41  -  SO  (Si  -  71) 

24  (34) 

22 

CNARTY  V-NOTCH  INTACT 

tor 

tnerqy,  K-«  (FT-LI) 

Inquired  for  ttiickneaaea 
above  2ft  mm  ( 1  IN)  only 

0 

2.1  (20)  Lonqitudinal 

2.0  (14)  Tranavaraa 

Required  for  thickneaaea 
above  2ft  NM  ( 1  IN)  only 

0 

2.8  (20)  Lonqitudinal 

0 

2.1  (20)  Lonqitudinal 

2.0  (14)  TreneverM 

mrr  mrcMtifUt  *c 

♦10  to  ♦  16 

DYNAMIC  flAR  MINGY 

IN  RG-H  irt-LB)  AT  24*C 

for  tft  m  (ft/i  in) 

THICK  SPNCIMM 

46  (3)3) 

A IRA 11 ON  RSI (STANCE  AS 
MI  MILL  HA  RONES  8 

110  -  140 

110  -  140 

110  -  140 

RBgUIRCT)  WELDING  ANO 
PARR  (CAT  KM  TRCNNigilKS 

Conventional  veldlnq 
aethoda.  No  prehaatlnq. 
Unreal  forming  and  cuttlnq 
practice. 

Conventional  veldlnq 
■at hods.  Ns  prehaatlnq. 
Noraal  forntnq  and  cuttlnq 
practice. 

Conventional  veldlnq 
vethode.  No  pe  sheeting. 

No  ratal  fornlnq  and  cuttlnq 
practice. 

REI.ATI  VE  n«T  RAT  TOR 
IlMaH  on  ANS  Gvada  A) 

i.»™ 

1.01ft 

1.01ft 
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TMLE  »-J.J  (CMtlMMd) 


- p  -  rrr  m  r-  rT  r-rn  a  |  [r-- 


met  me  i  (mmc 

Dvr  mu  VorttM 

rn  g;»  a 

MB 

ns  er.  ss 

QeiMn.  liopd  I 

WO  Or.  j  1 

jjHggg 

MM 

oeraii  mt  i  on 

VMS 

iiimBBBim 

■BAT  TPSATNBNT 

Hot  repaired 

Not  required 

Not  required 

CNBMICAL  OOWPOeiTIOK 
(Ladle  Analysis  -  %) 

Carbon  (mm.  > 

■wxpfcorw  (MM.) 
Sulphur  (mm. ) 

Silicon 

Chrontun 

Hlehol 

Nolybdenun 

Ooppor 

Tit  an  1m 

V«m41« 

Al  ant nun 
nt hors 

0.11 

o.so  -  i.oo 

0.05 

0.05 

0.35  MM. 

0.21 

O.SO  sia. 

0.04 

0.04 

0*35  mm. 

0.21 

0.00  nin. 

0.04 

0.04 

0.35  MM. 

Nntsst 

rural  lx  nguiHMm 
(iitiMti  m/m2  inn 
n.i4  i«i«.  )*a/m2  iun 

Blonqetion  (nln.)  «  In 
t.u  iFm  i  in)  of  m 
noted  (A-eree  of  ape.l 

41  -  SO  (50  -  71) 

24  (34) 

22 

41  -  54  (SO  •  71) 
24  (34) 

22 

41  -  50  (50  -  71) 

24  (34) 

22 

CNAAPT  V -NOTCH  IMPACT 
TBST 

Tenper atwre  *C 

Cnerqy.  RG-M  (PT-LS) 

Mono  required 

0 

2.0  (20)  tonqltvdina) 

2.1  (15)  Transverse 

4 

2.0  (20)  Lonqltudlnel 

■rrr  tchpcma Tints  *c 

nn 

ASMS  ION  ASSISTANCE  AS 

spincu.  ha  pi  ness 

110  -  140 

110  -  140 

110  -  140 

■egilfPRO  Mtl/UNG  AND 
PASS  (CAT  KM  THTHN  lyilSA 

ConTontlonel  veldtnq 
Methods.  No  prohPMtlnq. 

Nor  Ml  forninq  and  cuttlnq 
practice. 

Convent  IomI  waldlnq 
net hod a.  No  preheatinq. 

Nor  Ml  forninq  and  cuttlnq 
practice. 

Conventions!  veldlne 
net hod a.  No  shea tine* 
NnrMl  forninq  end  cuttlnq 
practice. 

MSI  ATI  VS  HUNT  PATH* 
(Mewl  «m  ANS  'Mato  A) 

1.015 

i.m 

1.015 
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TMU  1-3.3  (Continued) 


gogWTig  or  mtii  i 


STEEL  TYRE  t  GUAM 

ASS 

HE  Gr.  M 

AM 

NTS  Gr.  AN 12 

Lloyd' a  Req later 

NTS  Gt.  AN27S 

NOCISI  Or  MANUFACTURE 

Open-hearth,  haaie*««nM, 

electric- furnace ,  vecuum- 

arc  roMlt.  or  elactro- 

»m  r—lt  MCjM 

(^ten-hearth,  hastc-ouyqan , 
or  al act rie- furnace 
proceaa 

Open-hearth ,  electric- 

furnace  ,  or  haaic-oKyqen 
proceaa 

DEOXIDATION 

ajinyiriim  n iji 

Seml-kllled  or  all lcon- 

k 11 lad 

MEAT  TREATMENT 

NorMl  laad 

Nor... .bo*,  i;  nnii.M  INl< 

CHEMICAL  COMFOSITIOM 
(U41«  Analysis  -  «) 

Carbon  4mm.) 

Nanqanese 

Phosphorus  (mm.) 
Sulfibur  (mm.) 

SI  1 (con 

Chromium 

Nlnkt) 

Molybdenum 

Copper 

Titanium 

Van«4iua 

AliaMnum 

others 

MitMi 

The  carbon  content  ♦  1/6 
of  the  manqanaaa  content 
ia  not  to  aacaad  0.40%. 

If  thla  condition  la 
aatiafiad.  ■u.iaanf >  My 
be  up  to  1.65%. 

0.16 

1.0  -  1.15 

0.04 

0.04 

0.10  -  0.15 

0.10 

0.00  -  1.00*** 
0.04 

0.04 

0.10  -  0.50 

0.25  man. 

0.40  aai. 

0.0*  nan. 

0.15  na*. 

0.10  men. 

0.05  maa.  Cb 

•If  aiuetlnum- treated. 

••If  col unbiun  or  vanadium 
practice  uMd. 

•••12.5  NM  (1/2  IN)  and 
under  My  have  tin. 
Mnqanane  of  0.70%. 

o.ts 

0.70  -  1.63 

0.04 

0.04 

0.05  mm. 

0.2C  maa. 

0.40  maa. 

0.0S  mm. 

0.15  maa. 

0.01  -  0.90 

0.015  min. 
o.ei5  -  0.05  m 

•Above  12.5  NM  11/2  INI. 
if  niobium  nr  aluminum 
♦  niobium  practice  la  need. 

mu  ugniimm 
uitiMt.  to/m2  («.i) 
ti.ld  lain.  tta/m2  lun 
Elongation  (ain.l  «  In 
5.65  -\Vm  (IN)  or  aa 
noted  (A-araa  of  ape.  I 

41  -  50  (50  -  71) 

14  (14) 

11  in  100  NN  (0  IN)  or 

14  in  SO  MM  (2  IN) 

40  -  60  <60  -  05) 

12  (45.5) 

14  in  200  MM  <•  IN)  or 

22  in  50  MM  (2  IN) 

41  -  52  (M  -  74) 

27  (M.5) 

22 

C MARTY  V-MOTCR  INTACT 
TIIT 

Temperature  »C 

Energy ,  EG-N  ( PT-LH) 

Nona  requited 

_ 

None  required 

Required  for  thicknesses 
above  12.5  MM  (1/2  IN)  onl > 
0 

2.R  (20)  Lonqltudinal 

NOT  TEMPERATURE  "C 

-12  to  -7 

DYNAMIC  IVAN  ENERGY 

IN  NfS-N  (PT-LS)  AT  14*C 
FOR  *A  NM  15/S  IN) 

TNICK  SPECIMEN 

14  (101) 

ABRASION  AES 1 STANCE  AS 
SRINEI.I.  NARdNESS 

110  -  140 

115  -  170 

110  -  147 

REQUIRED  MELDING  AND 
PARRU’ATIUN  TCCHNI0HE8 

Conaantional  ualdlnq 
aathoda.  No  prehaatlnq. 
Normal  fnrmlnq  and  cuttlnq 
practice. 

Moderate  preheat  for 
veldinq.  Uw  hydroqen 
practice.  NorMl  formlnq 
and  cuttlnq  practice. 

Nodarata  preheat  Mir 
ualdlnq.  Lot#- hydroqen 
practice.  NorMl  formlnq 
end  cuttlnq  reacttce. 

MEIAT1VE  omr  FACTOR 

fReend  fin  ARS  Grade  A) 

1.00 

9.11 

1.11 

_ 

8TCKL  TVK  6  GRAM 

Lloyd's  Ragiatac 

Norsks  Varitas 

Norsks  Veritas 

NTS  Gr.  AM  12 

NTS  Gr.  MVA  2?8 

NTS  Gr.  NVA32 

Open-hearth,  electr Ic- 

Open-hearth,  basic- oxygen , 

Open-hearth,  ha sic- oxygen , 

PROCESS  or  MAMUPACnmt 

furnacs,  or  baste- oxygen 

or  slsctr Ic- furnace 

or  electric-furnace 

procssa 

procsss 

process 

DCOX I  DAT 1 ON 

i'"mnTr'i  mu  1  m 

Semi-klllsd  or  fully 

fully  killed 

killed 

rTT’yTrravxrrrnrsrn; 

Not  required 

r~  -  m  ’maa— — 

C MIMICAL  COMPOS IT I OM 
llAitit  Analysis  -  %) 

carbon  Imi.) 

0.16 

0.20 

0.10 

Manganese 

0. TO  -  16.0 

0.70  min. 

0.9  -  1.6* 

Phosphorus  lass*) 

0.04 

0.04 

0.04 

Sulphur  (mi.) 

0.04 

0.04 

0.04 

Si  1  Icon 

0.06  mi. 

0.10  •  0.50 

C1ir<MtUM 

9.20  mi. 

0.20  max. 

0.20  max. 

Nickel 

0.40  BUM. 

0.40  max. 

0.40  max. 

R>l  yMmus 

0.06  Ml. 

0.00  max. 

0.00  max. 

Copper 

Titanium 

0.  16  MM. 

0.16  max. 

0.15  max. 

VmaliiM 

0.01  -  0.10 

0.10  max. 

0. 10  max . 

A)  in i nia 

0.016  nln. 

0.01  max. 

0.00  max. 

Others 

0.016  -  0.06  Mb 

0.06  max.  tt> 

0.05  rax.  *t> 

Rotas i 

•Above  12.6  MM  <1/2  IN) , 

*0.70  min.  may  he  used  for 

If  niobium  or  aluminixa 
♦  n'obtu*  practice  Is 

USS'l. 

12.6  MM  < 1/2  IN)  and  lees. 

Tuts I LI  ngui— IBITI 
ultimate  m/m2  iicin 

45  -  60  (64  -  PS) 

41  -  52  <  50  -  74) 

45  -  60  <64  -  06) 

¥1*14  (■In.lKC/IW2  OS1] 

12  145.6) 

27  (M. 5) 

12  <45.51 

elongation  lain,)  %  In 

22 

22 

22 

S.»S  fit  m  (IN)  Of  » 
noted  (A-area  of  Bps. ) 

CHAPPY  Y-ROTCH  IMPACT 

Required  for  thicknesses 

None  required 

TIOT 

abova  12.6  MM  M/2  IN)  onlV 

T—pmtun  *C 

0 

0 

Energy,  RG-M  ( FT-LB> 

1.16  (21)  Longitudinal 

1.16  (21)  Longitudinal 

2.24  (16)  Transverse 

MPT  RMPEPATUPE  *C 

DYNAMIC  RAP  CMCRGY 

IN  RG-M  ( rT-LP)  AT  24*C 
POP  16  MM  16/P  IN) 

TNICI  8PPCIMOI 

APRASIOM  RESISTANCE  A8 

IP  INC  LI.  NAPONMS 

125  -  1T0 

110  -  147 

126  -  170 

PCOMIRin  NB1HING  AMD 

Nodar a ta  prahaat  for 

Moderate  preheat  On 

Mnderete  |v  sheet  for 

FABRICATION  RCNNigUII 

MMInq.  Uw-hplfoqtn 

melding,  uw-hydroqen 

weldinq.  Imr-hydroqen 

practice.  Normal  forming 

practice.  Normal  forming 

practice.  Normal  forming 

and  cutting  practice. 

and  cutting  practice. 

and  cutting  fsectlre. 

'•"*  *-|Ve  tIBT  I'ACTtH* 

Hesnd  on  ARS  fifa-ie  A ) 


I.  II 


TABIC  8-3.1  (Continued) 

HBfigrtM  or  grata  ujto  ro»  i ci* sthkmgtmkmcd  shim 


TABLE  B-3.3  (Continued) 


wowKTiM  or  mtu  used  row  ice-steenotnpiip  shim 


STEEL  TYPE  4  GRADE 

ASS 

Lloyd's  Register 

Lloyd's  Rsgleter  1 

NTS  Gr.  ARM 

NTS  Gr.  AN34S 

NTS  Gt.  AN 36  I 

Open-hearth,  electric- 

7ROCCSI  or  MANUFACTURE 

furnace,  or  taaeic-aaygen 

WMli 

process 

DEOX I DAT ! OM 

Sami-killed  or  killed 

(wl-klll..  or  .Ulean- 

r’-iguir  r-wTTrrr-3M 

killed 

Bilrm  ISMSM  ■ 

HEAT  TREATMENT 

n ;  rw w wnr-rm  an l 

i 

! 

r 

smhhhhrM 

CHEMICAL  COMPOSITION 

(Ladl«  Analysis  -  %) 

Carbon  < max. ) 

0.  IS 

0.10 

0.1S 

Manganese 

0.90  -  1 .60*** 

070  -  1.60 

070  -  1.60 

Phosphorus  (Ms.) 

0.04 

0.04 

0.04 

Sulphur  (mx.) 

0.04 

0.04 

0.04 

Si  1  Icon 

0.10  -  0.50 

0.05  max • 

0.05  max. 

Chromium 

0.25  max. 

0.20  max. 

0.20  max. 

Nickel 

0.40  mx. 

0.40  max . 

0.40  max. 

Ntlybdenum 

0. 00  siax. 

0.00  max. 

0.00  max. 

Copper 

0. 35  max. 

0.35  max. 

0.35  max. 

Ti  tan 1 un 

Vanadium 

0. 10  max. 

0.03  -  0.10 

0.01  -  0.10 

Aluminum 

0.015  min. 

0.015  min. 

Others 

0.05  max.  Q> 

0.015  -  0.05  Mb 

0.015  -  0.05  •» 

Notes: 

•If  alumlntas  treated. 

•Above  12.5  MN  (1/2  IN). 

•Above  12.5  NN  ( 1/2  IN). 

••If  columhlum  or  vanadliss 

If  nlobitim  or  altselnum 

if  niobium  nr  aluminum 

practice  used. 

»  niobium  practice  is 

♦  niobium  act  Ice  ie 

•••12.5  NN  ( 1/2  IN)  end 

used. 

used.  1 

under  My  have  min. 

manganese  of  0.70%. 

TENSILE  REQUIREMENTS 

llltlMt.  K/m1  (Ml) 

50  -  61  (71  -  90) 

62  (BR) 

50  -  SJ  (71  -  «l 

TI.M  (.ln.irc/m2  (USD 

36  (51) 

34  (4») 

36  (51)  ( 

Elongation  (Min.)  9  in 

15  in  200  MM  ( II  INI  or 

22 

21 

5.65  ,Vm  (  ini  or  «. 

22  in  50  NN  (2  IN) 

CHARPY  V-NOTCH  IMPACT 

None  required 

Required  for  thicknesses 

TEST 

.bov.  12.5  mu  (1/2  l»>  onl| 

above  12.5  NN  (1/2  IN)  onl j 

Temperature  *C 

0 

0 

Energy ,  KG-N  (FT-LS) 

1.47  (25)  Longitudinal 

3.47  (25)  Longitudinal 

NOT  TEMPERATURE  *C 

-12  to  -7 

DYNAMIC  TEAR  ENERGY 

IN  KG-N  ( FT-LS)  AT  24*C 

FOR  16  MM  (5/S  IN) 

THICK  SPECIMEN 

ARRAS ION  RESISTANCE  AS 

140  -  1R1 

177 

140  -  1R1 

RRINELL  HARDNESS 

.... 

Moderate  preheat  for 

Moderate  preheat  for 

Nnderate  prnheat  for 

required  WELDING  and 

welding,  l/iw-hydtogen 

welding.  lx»w-hydrogen 

weldlnq.  Uiw-hydrogen 

FARR (CATION  TECHNIQUES 

practice.  Normal  forming 

practice.  Normal  forming 

practice.  Normal  forming 

and  rutting  practice. 

6  cuttinq  pr  act  ire. 

4  cutting  practice. 

- -  --  - — " ■ 

— . . 

■ 

rhative  «*»st  fa't»»r 

l  Hi'h*  1  'Ml  MIS  fir  «  A  1 


1.1? 


1.1? 


1.  17 


TABIC  B-3.3  (Continued) 


Carbon  (MX.)  0.18  0.18  0. 18 

Manganese  0.9  -  1.6*  0.9  -  1.6*  0.70  -  1.60** 

Phosphor ua  (mx.)  0.04  0.04  0.04 

Sulphur  (MX.)  0.04  0.04  0.04 

Silicon  0.10  -  0.60  0.10  -  0.60  0.60  mx.*** 

Chromium  0.20  mx.  0.20  MX.  0.20  mx. 


Nickel 

Molybdenum 

Copper 

Titanium 

Vanadium 

Aluminum 

Others 

Notes: 


TENSILE  ACQUIREMENTS 

ultiMt.  ta/m2  tun 
n.ia  (aln.lKG/m2  ihi 
Elongation  lain.)  %  in 
5..S  jT  m  IINI  or  .. 
noted  <A-area  of  ape.) 


C HARPY  V -NOTCH  INPACT 
TEST 

Temperature  *C 
Cnerqy ,  KG-M  ( PT-LB) 


NOT  TEMPERATURE  *C 

DYNAMIC  TSAR  ENERGY 
IN  RG-N  (PT-LB)  AT  24*C 
POR  16  NN  (6/0  IN) 

THICK  SPRC INCH 


ARRAS ION  ASSISTANCE  AS 
BRINCLL  HARDNESS 


RtgUIRkD  MELDING  AND 
PARRICATION  TECHNIQUES 


0.40  max. 

0.08  max. 

0.16  max. 

0.40  max. 

0*08  max. 

0.16  max. 

0.40  max. 

O.QR  max. 

0. 16  max. 

0. 10  max. 

0.08  max. 

0.06  max.  Nb 

0. 10  max. 

0.08  max. 

0.06  max. 

0. 10  max. 

0.06  max. 

0.06  max.  tti 

*0.70  min.  may  be  used  for 
12.6  MM  ( 1/2  IN)  and  leas. 

*0.70  min.  may  be  used 
12.6  MM  ( 1/2  IN)  and 

for 

less. 

•Not  required  if  aluminum 
or  vanadium  treated. 

•*0.90-1.60  above  12.6  NN 
(1/2  IN). 

••*0.10-0.60  above  12.6  NN 
M/2  IN). 

60  -  6)  (71  -  90) 

)  )6  (61) 

21 

64  -  66  (  77  -  94) 

40  (57) 

20 

50  -  6)  (71  -  90) 

)6  (51) 

20 

None  required 

0 

1.47  (26)  Longitudinal 

2.46  (18)  Transverse 

0 

4.0  (29)  Longitudinal 

140  -  181 

15)  -  190 

140  -  181 

Moderate  preheat  for 
melding.  Ux**  hydrogen 
practice.  Normal  forming 

A  cutting  practice. 

No/  rete  preheat  for 
we  ling.  lx>w-hydrogen 
practice,  (hrmal  forming 

A  cutting  practice. 

Moderate  preheat  for 
welding.  tx>w-hydrngen 
practice.  Normal  forming 

4  cutting  practice. 

TABLE  B-3.3  (Continued) 


PROPERTIES  OP  STEELS  USED  POR  ICE- STRENGTHENED  SHIPS 


CHEMICAL  COMPOSITION 
(Ladle  Analysis  -•  %) 


Carbon  (mx.I 
Manganese 

Phosphorus  (max.) 
Sulphur  (sax.) 

Si  1  icon 

Chromium 

Nickel 

I  ybdenum 
Copper 
Titanium 
Vanadium 
Aluminum 
others 


0.  IB 

0.90  -  1.60 
0.04 
0.04 

0.10  -  0.60 
0.20  max . 
0.40  max. 
0.00  max. 
0.16  max. 

0. to  max. 

0.016  min. 
0.06  max.  Nh 


0. 18 

0.90  -  1.60* 
0.04 
0.04 

0.10  -  0.60 
0.20  max. 
0.40  max. 
0.08  max. 
0.16  max. 

0. to  max. 
0.07  max. 
0.06  max.  Nh 


The  carbon  content  *  1/6 
of  the  manganese  content 
is  not  to  occeed  0.40%. 
If  this  condition  Is 
satisfied,  manganese  may 
be  up  to  1.66%. 

0.21 

0.70  -  1.35* 

0.04 

0.04 

0.10  -  0.36 


Is  0.70  below 
(1/2  IN). 


•0.60  min.  for  26  MM  (  1  INI 
thickness  and  under. 


TENSILE  REQUIREMENTS 
Ultimata  fKC/m2  (K81) 

£ 

2 

e 

<r 

60  -  63  (  71  -  90) 

41  -  50  ( 5B  -  71) 

Tl.M  <.ln.)RC/IWJ  (RSI  I 

36  (61) 

36  (51) 

24  (34) 

Elongation  (min.)  %  in 

21 

21 

21  In  200  MM  (8  IN)  or 

6.66  f  A*  MM  UN)  or  ae 
noted  (A-area  of  ape.) 

24  In  50  MM  (2  IN) 

CHAPPY  V-NOTCH  IMPACT 
TEST 

Temperature  #C 
Energy,  EG-N  (PT-LB) 


NUT  TEMPERATURE  «C 


DYNAMIC  TEAR  ENERGY 
IN  KG-N  ( PT-LRI  AT  24*C 
FOR  16  MM  (6/8  IN) 

THICK  SPECIMEN 


ABRASION  RESISTANCE  AS 
BR1NCLI.  HARDNESS 


REQUIRED  WELDING  AND 
FABRICATION!  TECHNIQUES 


REMIT!  VE  '  USX  FACTOR 
UM'te-l  AAS  Grade  A) 


3.6  (26)  Longitudinal 

2.6  (IB)  Transverea 


-10 

2.B  (20)  Longitudinal 
2.0  (14)  Transverse 


Moderate  preheat  for 
welding.  t/>w-hydrogan 
practice.  !*>rmal  forminq 
A  cutting  practice. 


Moderate  preheat  for 
welding.  t/»w-hydn»gen 
practice.  Normal  forming 
A  (rutting  practice. 


Conventional  welding 
methods.  No  preheattnq. 
Normal  forming  and  cutting 
pract Ice. 


128 


TABLE  B-3. 3  (Continued) 


PRO PERT Its  OP  STEELS  USED  POR  ICE- STRENGTHENED  SHIPS 


STEEL  TYPE  S  GRADE 

ASS 

MS  Gr.  CS 

Lloyd's  Raqlater 

MS  Gr.  D 

Norsks  Veritas 

MS  Gr.  NVD 

PROCESS  OP  MANUFACTURE 

Open-hearth ,  basic-oxygen » 
or  electric- furnace 
process 

DEOXIDATION 

■BSH  ■ 

illiaam  '.Ua-iaiJ— B 

rHrrWBBBBB 

i  ■  ijilmB 

CHEMICAL  COMPOSITION 
(La'll*  Analyala  -  %) 

The  carbon  content  ♦  1/6 
of  the  manganese  content 
la  not  to  exceed  0.40%. 

If  this  condition  la 
sat  left  ad,  manganese  stay 
ba  up  to  1.65%. 

The  sum  of  carbon  content 

content  shell  not  exceed 
0.40%. 

Carbon  plu«  1/6  of  the 
manganese  content  is  not 
to  exceed  0.40% 

Carbon  (MX.) 

Manganese 

Phosphorus  (Mas.) 
Sulphur  (sax.  ) 

Si  1  iron 

Chromium 

Nickel 

Mil ybdenum 

Copper 

Titanium 

Vanad i un 

A1  nstmm 
fAh«*r» 

0. 16 

1.0  -  1.35 

0.04 

0.04 

0.10  -  0.35 

0.21 

0.70  -  1.40* 

0.04 

0.04 

0. 10  -  0.50  max. 

0.015  min. 

0.21 

0.60 

0.04 

0.04 

0. 35  mex. 

Notes: 

•For  25.5  MM  ( 1  IN)  or 
leas.  min.  manqannse  may 
be  0.60. 

•with  fine  qraln  practice, 
normalising  la  only 
required  for  thirkneaseas 
shove  15  MM  ( 1.18  INI. 

TENSILE  REQUIREHEWTS 
Ultta.t.  EG/m2  (ESI) 
Tt.ld  (aln.lEG/m2  (ESI) 
Elongation  (min.)  %  in 
5.65  jVnt  UN)  or  aa 
noted  (A -area  of  ape.) 

41  -  SO  <50  -  71) 

24  (34) 

21  in  200  MM  <8  IN)  or 

24  in  50  MM  (2  IN) 

41-50  (58  -  71) 

24  (34) 

22 

41  -  50  (58  -  71) 

24  (34) 

22 

C HARPY  V- NOTCH  IMPACT 
TEST 

Temperature  *C 

Energy ,  KG-M  ( FT-LB ) 

None  required 

0 

4.8  (35)  Longitudinal 

-10 

2.75  (20)  Longitudinal 

2.0  (14)  Trenavarse 

NUT  TEMPERATURE  *C 

-57  to  -51 

DYNAMIC  TEAR  ENERGY 

IN  KG-M  ( FT-LB)  AT  24*C 
FUR  16  MM  (5/fl  IN) 

THICK  SPECIMEN 

90  (709) 

ARRAS ION  RESISTANCE  AS 
RRINEI.L  HARDNESS 

110  -  140 

110  -  140 

110  -  140 

RP.gillREtt  NEL»1N(i  AND 
FARRK  ATIUN  TECHNIQUES 

Convent  lor al  welding 
methods.  No  preheat Inq. 
Normal  fnrmlnq  and  cutting 
pract Ira. 

Conventional  welding 
methods.  Nn  preheating. 
Normal  forming  and  cutting 
practice. 

Convent  tonal  welding 
met hod a.  No  preheating. 
Normal  forming  end  cutting 
practice. 

RELATIVE  COST  FACTOR 

fhan«..|  ik 1  AMS  Grade  A) 

1.  )1 

1.31 

1.31 

TABLE  1-3.3  (Continued) 


pnopsrtibs  or  steels  used  row  ice-strengthened  ships 


steel  Tm  t  grade 

NRK 

NS  Or.  ED 

German .  U  nyd  j 

NS  Gr.  D  I 

process  or  nanutacturi 

Open- hearth ,  hasic-oaygan , 

electric-furnace,  or  any 

equivalent  approved  by  the 

society 

Open-haarth,  heeic-oeygen , 

electric- furnace 
process,  or  other  approved 
by  the  society 

i$Hs 

OCOXI RATION 

Rimmed  steel  not  be  used 

Semi-killed  or  killed* 

EnflBBH^M 

F!r.Txr.'7.Ti:  mmmam 

I'.u'aw.'eir.eiwnmr 

CHEMICAL  COMPOSITION 
(U<U«  Analysis  •  %) 

Carbon  (ms.) 

Phosphorus  (ni.) 
Sulphur  (ms*) 

SI  1  icon 

Chromium 

Hi  ckel 

Mnlyhdenua 

Co|>psr 

Titanium 

Vanadium 

Aluminum 
f*  lH>ri 

Not**: 

0.21 

0. AO  -  1.40 

0.05 

0.05 

0. 15  mas. 

0.21 

0.60  min. 

0.04 

0.04 

0. 16  mas. 

*8eml-kilted  In  accepted 
for  thickness  <g>  to  25 
•1(1  IN)  incltisl ve. 

0.21 

O.TO  -  1.40 

0.04 

0.04 

0.10  -  0.15 

0.02  min. 

*  Aluminum  treated  end  fine 
grain  practice  above 

26.5  mm  (1  IN). 

TENSILE  REQUIRE* ENTS 
Ultimata  WG/m2  (RED 
Yiald  (min.  )IG/M2  (RSI) 
Elongation  (min.)  %  in 
5.65  -jT  m  ( IN)  or  as 
noted  (A-area  of  spa.) 

41  -  50  (5S  -  Til 

24  04) 

22 

41-50  (SB  -  Til 

24  04) 

22 

_ 

41  -  50  OB  -  T1) 

24  04) 

22 

C HARPY  V- NOTCH  IMPACT 
TEST 

Energy,  «G-N  (PT-LB1 

• 

4.R  05)  Longitudinal 

mm 

-  20 

2.N  (20)  Longitudinal 

mrr  imtnTun  *c 

mma 

ABRASION  RESISTANCE  AS 
BRINE LL  NARUNSSS 

110  -  140 

110  -  140 

110  -  140 

ESQUIRED  HELPING  AND 
FABRICATION  TECHNIQUES 

RELATIVE  iYjNT  FACTOR 
(Rased  tm  ARR  Grade  A) 

Conventional  usldlng 
methods.  No  preheating. 
Normal  forming  and  cutting 
practlcs. 

Conventional  usldlng 
methods.  No  preheating. 
Korea!  forming  and  rutting 
practice. 

Conventional  voiding 
methods.  No  pre heating. 
Normal  forming  and  cutting 
practice. 

1.11 

1.31 

1.11 

TABLE  10.3  (Continued) 


PROPERTIES  Of  ETBELS  UUP  POE  ICE- STRENGTHENED  MIPS 


STCEt.  TYPE  fc  GRAD* 


PPOCCSS  Of  NANUf ACTURE 


Lloyd's  Rtqiltcr  I  Norsk*  Verltsa 

NS  Gr.  » _ _ _  _ i«  Qr.  Wt 


Open-hsar th .  e)  act  r ir-  Open-hearth,  htsiC'oayqtn , 

fvrntct,  or  baelc-oaygan  oi  elactr 1c- furnace  procss 
procass 


CHEMICAL  COMPOSITION 
I  Lad Is  Analysis  -  A) 


Th*  carbon  contant  ♦  1/6 
of  th*  sanqanaM  contant 
la  not  to  ascaad  0.40%. 
If  this  condition  Is 
satisfied,  manganese  stay 
b*  up  Co  l>0S«. 


II  '■'■""IiTm 


Tha  sun  of  carbon  contant  Carbon  plus  1/6  of  th> 
plus  1/6  of  th*  manganese  manganese  content  Is  not 
contant  shall  not  ascaad  to  ascaad  0.40%. 

0.40%. 


Carbon  (aas.l 
Manganese 

Phosphorus  (stas.  | 
Sulphur  (nax.) 

Si  1  Icon 
Oir>ni<w 
Nickel 
I%>1  ybdenum 


0.1R 

0.70  -  1.JS 
0.04 
0.04 

n. 10  -  0.15 


0.  18 

0.70  -  1.50 
0.04 
0.04 

0.10  -  0.50 


0.  18 
0,70 
0.04 
0.04 

0.10  -  0.15 


Titan  lias 
Vanadium 
A 1  urn  I  man 

fir  her  a 


imiu  agiiuMm 
mow.  «c/wi2  i»n 
tl.lil  i.in.iu/m2  man 

Elongation  (min.)  «  in 

1 1'm  (l«)  oi  mm 
noted  (R-area  ot  ape.) 

61-50  ( 5S  -  71) 

24  (14) 

2«  In  200  NM  (8  IN)  or 

24  In  50  NN  (2  IN) 

41  -  50  (SR  -  71) 

24  (141 

22 

41  -  50  (50  -  71) 

24  04) 

22 

C NABPT  V-NOTCN  INPACT 
TBET 

Temper at are  *C 

Energy,  PG-N  (  PT-LS) 

-40 

2.R  (201  Longitudinal 

2.0  (14)  Transverse 

-40 

2.75  (20)  Longitudinal 

-40 

2.75  (20)  Longitudinal 

Hnr  TEMPERATURE  *C 


DYNAMIC  HAS  ENERGY 
IN  RG-M  IPT-LSI  AT  24»C 
PON  16  NN  15/8  IN) 

TNI CP  SPEC  I MEN 


AURAS ION  RES I STANCE  AS 
•RtNEU.  NA PONCES 


PCgMfPCD  UEI4UNG  AMO 
TABS I'  ATI' >N  TECHNIQUES 


Conventional  veldlng 
net hots.  No  preheating. 
Normal  forming  and  cutting 
practice. 


Conventional  veldt nq 
methods .  No  preheat  I ng . 
Normal  forming  and  cutting 
pract ice. 


TABLE  B- 3. 3  (Continu'd) 


pagpfrriES  or  steels  uwd  ron  ict« 


STEEL  TYPE  fc  GRADE 

HER 

Carman .  Uoyd  1 

MS  Gr.  E 

Mi  Gr.  U 

N»  gr. E  J 

ft 

PROCESS  OP  MANUFACTURE 

alactrlc- furnace 

alactrlc- fur naca.  or  any 

a<yui  valant  approval  by  tha 

procaaa ,  or  othar  approv'd 

agut valant  approv'd  by  tha 

aoclaty 

by  tha  aoclaty 

aoclaty 

DEOXIDATION 

Fully  ki 1  lad .  fina  grain 

Killed* 

II  II  1— ■ 

Normal lead 

Notail  land  — 

i  n  aa— , 

CHEMICAL  COMPOSITION 
IU4I*  Analyals  -  SI 

Carbon  1  an .  > 

0. 18 

O.tR 

0.18 

Man<|anea« 

0.70  -  1.50 

0.70  ain. 

0.70  -  1.50 

Phoxphorua  (mx.) 

0.05 

0.04 

0.04 

Sulphur  (*ax.) 

0.05 

0.04 

0.04 

St  1  icon 

Chromium 

Nirktl 

Molybdenum 

Coppar 

Titanium 

Vanadium 

0. 10  -  0.35 

0.10  -  0.35 

0.10  -  0.15 

Al  uRlngx 

Ot her  a 

0.015  -  0.06 

0.015  min. 

0.02  min. 

Nor ex: 

*  Aluminum  traetmant  la  to 
ba  uaad  aa  a  fina  grain 
pr act  lea. 

TENSILE  REQUIREMENTS 

Ultimate  m/m2  (ESI) 

41-50  (5E  -  711 

41  -  50  (58  -  71) 

41  -  50  (58  -  71) 

»I.M  l.ln.  )KG/W3  lull 

24  (14) 

24  tU 

24  (14) 

Btonga* Ion  (min.)  %  In 

22 

22 

22 

5. AS  ih' m  UN)  or  aa 
notad  (A-area  of  apa . ) 

C HARPY  V-NOTCH  IMPACT 

TEST 

Temparatura  *C 

-40 

-40 

-40 

Energy.  RG-M  ( FT-LE) 

2.8  (20)  Longitudinal 

2.8  (20)  Longitudinal 

2.1  (15)  Tranavaraa 

2.8  (20)  Longitudinal 

NUT  TEMPERATURE  *C 

DYNAMIC  TEAR  ENERGY 

IN  ER-M  (  rr-LR)  AT  24  *C 
FOR  1b  MM  (5/S  IN) 

TRICE  SPECIMEN 

ABRASION  RESISTANCE  AS 
BRINEI.L  HARDNESS 

110  -  140 

no  -  uo 

110  -  140 

Con van t Iona)  maiding 

Convantlonal  maiding 

Convantlonal  maiding 

REWIRED  MELDING  AND 

method*.  No  prahaating. 

■athoda.  Nn  prahaating. 

■athoda.  No  prahaating. 

FABRICATION  TECHNIQUES 

Normal  forming  and  cutting 

Noraal  forming  and  cutting 

Normal  forming  and  cutting 

praettca. 

practlca. 

pr art  lea. 

RELATIVE  COST  FACTOR 

(Have>1  on  AHS  Grad*  A) 

».W» 

1.36 

1.16 

TABIC  6-3. 3  (Continued) 


wgwtnw  or  stwls  usp  fo*  ice-stakncthbikd  ships 


9TCKL  TYP*  4  CMOS 

ASS 

NTS  Or.  ON 3 2 

ASS 

NTS  Gr.  DH36 

Lloyd's  Nsglatar 

NTS  Gr.  DM27S 

morns  or  manupactum 

Opan-haarth,  basic-osygan , 
or  alactrlc-furnaca 
procaas 

Opan-haarth,  basic-osygan, 
or  alactrlc-furnaca 
procaas 

opan-haarth.  alactrlc- 
furnaca,  or  haalc-osygan 
procaas 

□•OXIDATION 

Kit  lad.  fins  grain  practlca 

_ 

Ssml-kl 1 lad  or  ail Icon- 
All  lad 

NCAT  TMAIMSMT 

• 

Mormd.abov#  25.5  NM  (1  IN)« 

CNCMICAL  COMPOSITION 
(Ladla  Analysis  -  %> 

Carbon  (ms.) 

Nanganas* 

Phosphor  us  (  ms  . ) 
Sulphur  (ms.) 

Si  1  icon 

Chromium 

Nicks) 

ttilybdanum 

0>pp.c 

Titanium 

Vanadium 

Al  um  1  nun 

nthsrs 

0.18 

0.80  -  1.60 

0.04 

0.04 

0.10  -  0.50 

0.25  mss. 

0.40  mss. 

0.08  mas. 

0. 15  mss. 

0.  10  MS. 

0.05  sms.  Cb 

0.18 

0.90  -  1.60 

0.04 

0.04 

0.10  -  0.50 

0.25  mas. 

0.40  mas. 

0.06  mas • 

0.35  mas. 

0.10  mas. 

0.05  mas.  Cb 

0.18 

0.70  -  1.60 

0.04 

0.04 

0.05  mas* 

0.28  mas. 

0.40  mas. 

8.88  mas. 

0.  35  mas. 

0.03  -  0.10 

8.015  min. 

0.815  -  0.05  lt» 

Not sai 

•If  aluminum  tr sated. 

••If  columbium  nr  vanadium 
practice  Is  used. 

•If  aluminum  trsatad. 

••If  columbium  or  vanadium 
practlca  la  nsad. 

•Abova  12.5  MM  (1/2  IN), 

If  niobium  or  aluminum 
♦  niobium  practlca  la  uaad. 

ItMIU  MOVlMMOm 
uitiMt.  to/m2  tun 
rl»M  laln.lKG/ml  (Kill 
Elongation  (Min.)  %  in 
5.«  )f  m  (IK)  or  «• 
notad  (A-srss  of  spa.) 

4S  -  60  (6S  -  S5) 
12  (45.5) 

19  in  200  MM  IS  IN)  or 

22  in  10  NM  <2  IN) 

50  -  63  (71  -  90) 

36  (51) 

19  in  200  MH  (S  IN)  or 

22  in  50  NM  (2  IN) 

41  -  52  (50  -  74) 

27  (M.5) 

22 

CHAPPY  V- NOTCH  IMPACT 
TfST 

Ensrgy,  KG-M  (PT-LS) 

-20 

).5  (25)  Longitudinal 

2.4  (17)  Transvsras 

-20 

3.5  (25)  Longitudinal 

2.4  (17)  Transvsras 

-20 

2.75  (20)  Longitudinal 

Nflt  TtMPCMTUPS  »C 

-62  to  -40 

-62  to  -40 

DYNAMIC  TEA  A  BtCPCY 

IN  SG-N  (PT-LS)  AT  24 #C 
PON  16  NM  (5/S  IN) 

THICK  SPfCIMPN 

135  -  170 

140  -  181 

118  -  147 

AK0"1  SKI)  WILDING  AND 
PASS f CAT ION  TtCNNigoKS 

Modarata  prshaat  for 
waldinq.  Unt-hydroqsn 
practlra.  Normal  forming 
t  cutting  practlca. 

Modarata  prshaat  for 
walding.  U>v-hydrogsn 
practlca.  Normal  forming 

6  cutting  practlca. 

Nodarata  prshaat  for 
walding.  Lnw-hydrogan 
practlca.  Normal  forming 

4  ruttlnq  practlca. 

SKI  AT  I  vt:  Cl  1ST  FACTOS 

(  8*A"d  ,m  APS  lild'lA  Al 

1.18 

1.18 

1.18 

TABLE  U-3.3  (Continued) 


PROPERTIES  OP  STEELS  08*0  POE  ICE- STRENGTHENED  SHIP3 


STEEL  TYPE  4  GRADE 

Lloyd* a  Raiylatar 

NTS  Cr.  DHJ2 

Lloyd* a  Res  later 

NTS  Gr.  DN14S 

Lloyd's  Rs9lstar  1 

HTB  Gr.  DH16  1 

PROCESS  OP  MANUFACTURE 

j  J52fs^ 

Opan-haarth.  electric- 
furnace,  or  basic-oxytfan 
procnaa 

DEOXIDATION 

Semt-hi  1  lad  or  silicon- 
k Iliad 

iMBimj!T|Tima| 

Sami-hlllad  or  silicon-  1 

hi  Had  1 

Vilri  1 1.1 

1  Ml  '.HI.1.''!  SITES.  Ill 

r»Tr.mffT»i.a.a:i:na(’iL 

i  as  m  an  gage  lataru. 

CHEMICAL  COMPOSITION 
(Lad  la  Analysis  -  %) 

Carbon  (man.) 

phosphorus  (••*.) 
Sulphur  (max.) 

St  1  icon 

Chromium 

NirImI 

MtjI  ybdanun 

Copper 

Titanium 

Vanadium 

Aluminum 

Others 

0.  IB 

0.90  -  I.M 

0.04 

0.04 

o.ns  max. 

0.20  max. 

0.40  max. 

0.0B  max. 

0.  IS  max. 

0.01  -  0.10 

0.015  min. 

0.015  -  0.05  Nb 

0.1# 

0.90  -  1.60 

0.04 

0.04 

0.05  max. 

0.20  max. 

0.40  max. 

0.08  max. 

0.15  max. 

0.01  -  0.10 

0.015  min. 

0.015  -  0.05  Nb 

0.  1# 

0.90  -  1.60 

0.04 

0.04 

o.ns  max. 

0.20  max. 

0.40  max. 
o.oa  max. 

0.15  max. 

<1.01  -  0,10 

0.015  min. 
0.015  -  0.05  M> 

Noteas 

•  Abovit  12.5  MM  (  1/2  IN)  , 
if  niobium  or  alumlman 

*  nlnlitim  practlca  la 

UM*d. 

•Above  12.5  MM  (1/2  IN), 

♦  niobium  practlca  1* 
u«p<1  . 

• Above  12.5  NN  11/2  IN), 
if  niobium  or  aluminum 
♦  niobium  practlca  Is 
uaad. 

tins i lx  Kguiinntn 
nitiMti  ta/m2  issn 

Il.ld  l.ln.lIC/PW1  USD 
Elongation  (min.)  %  in 
$.6%  i?  m  (IN)  or  as 
not*4  (A-araa  of  spa.) 

45-60  (64  -  #51 

12  (45.5) 

22 

62  <mi 

14  (40) 

22 

30  -  63  <7t  -  90) 

36  (51) 

21 

CHAPPY  V-NOTCH  IMPACT 
TEST 

Temperature  *C 

Energy,  EG-N  IFT-L#) 

-20 

1.16  (21)  Lonqltudinal 

-20 

1.4T  (25)  Longitudinal 

-20 

1.47  (25)  Longitudinal 

NOT  TEMPERATURE  *C 

DYNAMIC  TEAR  ENERGY 

IN  KT.-M  ( FT-I.R)  AT  24*C 
FOR  »6  MM  15/#  IN) 

THICK  SPECIMEN 

• 

MSAStOH  KtSISTINCt  IS 
BRINS IX  HARDNESS 

125  -  no 

171 

140  -  Ml 

REQUIRED  WELDING  AND 
PARRICATIDN  TECHNIQUES 

Moderate  prahaat  for 
we! dins.  tow-hp)r«x|Si 
practlca.  Normal  forming 

6  cutting  practlca. 

Nodar a ta  prabaat  for 
wsIdliNf.  tor  hydrosen 
practlca.  Normal  furalnq 

1  cut!  tn«4  practira. 

Modarats  fsreheat  for 
raMlnf.  tor-hy4r(9M 
practlca.  No  ratal  form  Ins 

6  cMttlnq  practlca. 

RELATIVE  COST  FACTOR 
( Hatted  >m  ARtt  Gi  ade  A) 

I.M 

I.M 

1.1N 

- 

L.  _  _ 1 

TABLE  B-3.3  (Continued) 


wggwmg  or  stssls  wp  roe  ics-ptpimgtmsnsp  snips 


STSCL  tm  b  OMN 

Nor  eke  Veritee 

NTS  cr.  NVD27S 

Nor eke  Veritee 

NTS  Cr.  NV012 

NTS  Gr.  NVD16  1 

ppockss  or  nanus acvupb 

Open-hearth ,  heelc-oaytjen, 
or  electric- furnace 
process 

DCOKIOATMN 

Senl-ki 1 led  or  fully 
killed4 

fully  killed 

fully  killed  j 

MSAt  THSATWNT 

CNKMICAL  OPPOSITION 
IU<tl«  Analyaia  *  %) 

Carbon  (mm.  1 

Min«|«ntN 

Phosphor ua  (mm.) 
sulphur  (mm.) 

SI  1  Icon 

Chrnatu* 

Nickel 

Mrl  ybdenun 

Copper 

Titan tun 

Van«<(luM 

At  uni  min 
mho!  • 

0.16 

6.70  oln. 

6.04 

0.64 

0.20  MM. 

0.40  MM. 

0.00  MM. 

0.15  MM. 

0.  10  MM. 

0.0P  MM. 

0.05  MM.  Nb 

0.1S 

0.4  -  1.6 

0.04 

0.04 

0.10  -  0.50 

0.20  MM. 

0.40  MM. 

0.0S  MM  . 

0.  15  MM. 

0.10  MM. 

0.00  MM  . 

6.05  mm.  It> 

0.10 

0.6  -  1.6 

0.04 

0.04 

0.10  -  0.50 

0.20  MM. 

0.40  *SM. 

0.00  nax  . 

0.15  MOM. 

0.  10  n*M . 

O.ftP  nax • 

0.05  nax.  N) 

Notes i 

•for  25.5  NN  ( 1  IN)  and 
above  to  ha  hi  Had  and 
fine  qratn  treated. 

••Above  12.5  NN  (1/2  IN), 

If  nioble»  practice  le 
need. 

•Above  12.5  NN  ( 1/2  IN), 
if  nloblu*  practice  ia 
used. 

•Above  12.5  NN  (1/2  IN), 
if  nioblua  practice  is 
used. 

TMIIl  wgui«B«m 
iiutMi.  m/m2  u«n 
>1.14  l.ln.lHO/M1  (Mil 
llonyalloA  (oln.)  %  in 
5.65  i A  m  (IN)  or  ss 
noted  (A*area  of  ape.) 

41  -  51  15%  -  74) 

27  ( IP. 5) 

22 

45  -  «6  (66  -  P5> 

12  (45.5) 

22 

56-61  171  -  40) 

16  (51) 

21 

C NAPPY  V -NOTCH  IMPACT 
TSST 

tewpereture  *C 

Bnerey.  pg-n  ipt-lo) 

-20 

2.75  (20)  Lonqitudlnel 

2.6  (14)  Trenavetae 

-20 

1.16  (21)  Lonpitudinel 

2.24  H6)  Tranavarsa 

-20 

1.47  (25)  LonqitudiMl 

2.45  (10)  Transverse 

NOT  TSNPOPATVPO  *C 

DYNAMIC  YBAP  SMfPCY 

IN  NO-N  ( PT-LS)  AT  24  »C 
POP  16  NN  (5/P  IN) 

THICK  SPCCIMCM 

APPASION  RtSISTANCS  AS 
SPINCU.  HAPISieSS 

110  -  147 

125  -  170 

140  -  101 

PS9MPKII  HPI/iING  AND 

PASH (CATION  TBCNN1QUBS 

Moderate  preheat  for 
weldimj.  Urn-hydrogen 
practice.  NoimI  (oralnq 

6  cut  tiny  practice. 

Nodereta  preheat  for 
weld ins*  Bow-hydros an 
practice.  NnrMl  for* In* 

6  cuttles  practice. 

Moderate  preheat  for 
weldinp.  tow- hydrosen 
pr  act  ice .  NorMl  for* Ins 

4  cuttlns  practice. 

PKIATI VK  COST  PATTON 

INawd  -m  APS  Grade  A) 

1.M 

1.1% 

1.10 

TABIC  B-3.3  (Continued) 


gwgfig  or  men  lag  row  ice-erniwcmpiKO  g«M 


STEEL  TYRE  ft  GRADE 

Norsks  Varitas 

NTS  G( .  NVD40S 

NTS  Gr.  DM12 

Bureau  Varitas 

NTS  Gr.  DHJ6 

trocsbs  or  manufacture 

Open-hearth,  haste-oxygen , 

electric-furnace,  or  any 

equivalent  approved  by 

the  society 

OCOX1DATXOM 

fully  kl 1  lad 

Killed,  fins  grain 

Rilled,  fine  grain 

1  III  MBS— 

Normal  lead* 

Normal  lead* 

CHEMICAL  COMPOSITION 

1 Ladle  Analysis  -  ft) 

Cmrbon  (max.) 

Manganese 
fttotphorui  (MIN*) 

Su l phur  (  «ix . 1 

Si  1  Icon 

Chromium 

Nlclis  1 

Molybdenum 

Copper 

Titanium 

Vanadium 

AI  ixxinum 

Othsr  s 

0.  IB 

0.9  -  1.6 

0.04 

0.04 

0.10  -  O.ftO 

0.20  max. 

0.40  MX . 

0.08  MX. 

0.  )S  MX. 

0. 10  max. 

0.08  aax. 

0.0ft  aax.  Mb 

0.  IB 

0.90  -  1.60 

0.04 

0.04 

0.10  -  0.50 

0.20  max. 

0.40  max. 

0.08  max. 

0.15  max. 

0.10  mox. 

0.015  -  0.06 

0.05  max.  Nh 

0.  IB 

0.90  -  1.60 

0.04 

0.04 

0.10  -  0.50 

0.20  max. 

0.40  max. 

0.00  max. 

0.15  aax. 

0.05  -  0.10 

0.015  -  0.06 

0.02  -  0.05  Nh 

Nnt««i 

•Not  required,  If 
propart  las  can  ha  mat  as 
apaclf lad. 

•Not  required,  if 
proper t lex  can  be  wet  aa 
spec! fled. 

tins  ilk  ngumancim 

uitiMt*  tc/m2  mil 
tt.l.  lain. ikg/mm2  men 
elongation  (min.)  ft  in 
5.6ft  ifm  UN)  or  as 
no tad  (A* area  of  spa . ) 

54  -  6**  (77  -  94) 

40  (57) 

20 

45  -  60  (64  -  85) 

12  (45.5) 

20 

50  -  61  (71  -  90) 

16  (51) 

20 

CHANTY  V-NOTCH  INTACT 
TfST 

Energy ,  KG-M  (FT-LB) 

-20 

4.0  (29)  Longitudinal 

2.6ft  (19)  Transvsrss 

-20 

1.16  (21)  Longitudinal 

-20 

1.5  (25)  Longitudinal 

NOT  TEMPERATURE  #C 

DYNAMIC  TEAS  ENERGY 

IN  Rfi-M  <rr-t.B)  AT  24  *C 
TOT  16  MM  1  ft/8  IN) 

THICK  SPECIMEN 

ABRASION  RESISTANCE  AS 
BRINELL  HARDNESS 

151  -  190 

125  -  170 

140  -  181 

REgiltREti  WELDING  AND 
TABRICATt'fN  TECHNIQUES 

Mndsrats  preha at  for 
welding.  Ixtw-hydrogen 
prartlcs.  Normal  fnrmlnq 
ft  cuttlnq  (tract tee. 

Mods rata  prahaat  for 
welding.  I/ur-hydriMien 
practice.  Normal  forming 
ft  cutting  practice. 

Moderate  preheat  for 
welding,  l/tw-hydroqen 
pract lea  •  Normal  forming 
ft  cutting  react  lee. 

REIATIVE  Cf*hT  PASTOR 

1  Ban**  1  »m  AHS  Grad**  A) 

1.18 

I.M 

1.18 

TABLE  B- 3 . 3  (Continued) 


Hggrmg  of  srtiL3  us«t>  ron  ice-stbemgthehbo  ships 
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TABLE  B-3. 3  (Continued) 


ppopeptimi  or  mtu  ago  row  ict-mmoniWB)  swim 


STEEL  TYPE  fc  GRADE 

German.  Lloyd 

NTS  GP.  DM 

ABTM-A917 

claaa  1 

ASTM-A611 

Gr.  D 

PROCESS  OP  MANUFACTURE 

open-hearth,  basic-oxygen , 

alactr Ic-furnaca,  or  any 

aquivalant  approved  by  the 

aociety 

Open-haarth ,  baelc-oxygan , 
or  alactr ic-furnaca 
procaaa 

open- hearth ,  ha ale- oxygen , 
or  electric-furnace 
procaaa 

DEOXIDATION 

Killed 

Pina  grain  practice 

Pina  grain  (meet lea 

1  1  ■— 

Normalised 

tzrsmzmmgmmmm 

Normal 1 sad 

CHEMICAL  COMPOSITION 
(Ladle  Analysis  -  %) 

Carbon  (mb.I 

Ntn9<n«M 

Phosphorus  (mx.I 
Sulphur  <mm.) 

81 1  Icon 

Chromium 

Ntrksl 

Mol  ybdemm 

Copper 

Tt  taniun 

Vanadium 

Al  im  1  nun 

Othei a 

0.11 

0.90  -  f.bo 

0.04 

0.04 

6.10  -0.90 

0.20  mx. 

0.40  max. 

0. 0B  nax. 

0.19  nax. 

0.09  -  0.10 

0.02  -  0.07 

0.02  -  0.09  Nb 

0.24 

0.70  -  1.19 

0.019 

0.040 

0.19  -  0.90 

0.29  nax. 

0.29  nax. 

0.0R  nax. 

0.19  nax. 

0.20 

0.70  -  1.19 

0.04 

0.09 

0.19  -  0.90 

0.29  nam. 

0.29  nap. 

0.06  nax. 

0.19  nax. 

Notes: 

TBMSILC  HdUIMMlMra 

UU1HM  nc/m1  iuii 

ILIA  (■In.luc/m2  IKSII 
Elongation  (sin.)  %  in 
5.69  NN  (INI  or  as 

noted  (A-araa  of  apa.) 

90  -  61  (71  -  901 

16  (911 

21 

49  -  61  (70  -  90) 

19  (901 

22 

in  91  NN  12  IN) 

49  -  61  (70  -  90) 

19  (50) 

23 

In  it  NN  (2  IN) 

CHAPPY  V-NOTCH  IMPACT 
TEST 

Energy,  KC.-M  (ET-LB) 

-20 

1.9  (29)  Longitudinal 

2.4  (17)  Tranavaraa 

-60 

2.1  (19)  Longitudinal 

■■ 

Mirr  TEMPERATURE  »C 

-91  to  -18 

-51  aver. 

DYNAMIC  TEAS  ENERGY 

IN  M;-H  (ET-LB)  AT  24«C 

r«m  is  mm  (5/b  ini 

THICK  SPECIMEN 

ABRASION  RESISTANCE  AS 

BP  1  MEM.  HARDNESS 

140  -  1B1 

1JB  -  161 

.  . 

DR  -  181 

REQUIRED  HEMIING  AND 

PAHA  P'ATIoN  TECHNIQUES 

Mrxlerjt*  preheat  fnr 
welding.  !<ow-hy>lrogen 
practice.  Normal  forming 
and  cutting  (tract  Ire. 

Control  lad  welding 
procaaa.  Modarata 
preheat,  tow-hydrngnn 
practice.  Norms!  forming 

6  cutting  practice. 

Control  lad  welding 

process.  Moderate 
preheat .  low- hydrogen 
practice.  Nnmal  forming 

A  cutting  practice. 

PEI  ATI  VE  ft  fit  fAi’TnR 

1.  1* 

1.1* 

1.1* 

TABU  B-B.  3  (Continued) 


MOWgtlM  or  STEELS  USED  PO*  ICE- STRENGTHENED  SNIPS 


STEEL  TYPE  4  GRADE  I  AfTN-A6 1 3 

iGr.  A  6  8 


Optn-htirth,  baalc-Myftn,  Op*n-h«arth,  baa  ic- oxygen ,  opcn-htarth,  hMlC'Oxyqtii, 

PROCESS  or  HAMUPACTURR  or  elect r lc-f urmca  or  •l«ctric*(urnara  or  •laclrlr-furnaca 

procaaa  process  process 


DEOXIDATION 


Pina  qrain  pc act  lea 


Pi  1  ia«l(  fina  grain  practle 


CHEMICAL  COMPOSITION 
(Ladle  Analyaia  -  %> 


carbon  Imk.) 
Manganese 

Phosphor ua  (aax.) 
Sulphur  (aaa.) 

Si  1  icon 
Chromium 
Nicks 1 
NilyManua 
Copper 
Ti  tanliM 
Vana<1  i  um 
Aluminum 
Others 


0.18 

t.00  -  1.15 
0.04 
0.05 

0.15  -  0.50 


0.18 

0.90  -  1.50 
0.04 
0.04 

0.10  -  0.50 
0. 25  sar. 
0.40  aax . 
0.08  max. 
0.15  aax. 


0.05  aax.  Ch 


0.18 

0.90  -  1,b0 
0.04 
0.04 

0.10  -  0.50 
0.25  aax. 
0.40  aax. 
0.08  aax. 
0.35  aax. 


0.05  aax.  Cb 


•Gt.  8  only, 
••Gr.  A  only. 


TENSILE  REQUIREMENTS 
ultlaat.  to/m2  iuii 
Il.ld  i.ln.ltc/m1  ( its  1 1 
Elongation  fain.)  9  in 
5.65  ,T  m  I  INI  or  as 
noted  (A-araa  of  ape.) 


44-58  <6)  -  81 
10  (41) 

21 

in  51  MM  (2  IN) 


48  -  60  (68  -  85) 
12  (45.5) 

19  in  200  MM  (8  IN)  n 
22  in  50  MM  (2  IN) 


58 

-61  (71 

-  90) 

16  (51) 

19  In 

200  MM  (• 

IN)  or 

22  in 

50  MM  (2 

IN) 

C HARPY  V -NOTCH  IMPACT 
TEST 

Taaparatura  *C 
Energy,  RG-M  ( PT-L8) 


NOT  TEMPERATURE  #C 


DYNAMIC  TEAR  ENERGY 
IN  RG-M  I PT-LB)  AT  24»C 
POR  16  MM  (5/8  IN) 

THICK  SPECIMEN 


ABRASION  RESISTANCE  AS 
BRIHCLL  HARDNESS 


REQUIRED  WELDING  AND 
PABRICATIOM  TECHNIQUES 


-46 

1.5  (25)  Longitudinal 
2.8  (20)  Tranaveraa 


-40 

1.5  (25)  Longitudinal 
2.4  (17)  Tranaveraa 


1.5  (25)  Longitudinal 
2.4  (17)  Tranaveraa 


preheat  required,  if 
aahlant  teap.  below  16*C. 
Low- hydrogen  practice. 
Normal  forming  4  cutting 
practice 


Moderate  preheat  for  Moderata  preheat  for 

welding.  Low-hydrogen  welding,  tx»w-hydrogen 

practice.  Normal  forming  practice.  Normal  forming 
4  cutting  practice.  a  cutting  practice. 


1.41 


TABLE  B-3. 3  (Continued) 

PROPERTIES  OF  STEELS  USED  mp  ICE- STRENGTHENED  ships 


StCIL  TYPE  A  GRADE 

Lloyd's  Register 

HTS  Gr.  EH27S 

Lloyd's  Register 

HTS  Gr.  EH 12 

Lloyd* e  Register 

HTS  Gr.  EH14S 

PROCESS  OP  MAMfPACTURE 

open-hearth,  basic-oxygen, 
or  electr ic- furnace 

process 

Open-hearth,  basic-oxygen , 
or  electric-furnace 
process 

Open-hearth,  haste-oxygen, 
or  electr Ic-furnace 
process 

DEOX I DAT TOW 

Silicon-killed  only 

Silicon-killed  only 

Silicon-killed  only 

II  II  II  — 

r  nr."——— 

CSESIESHBRHNMHMi 

CHEMICAL  CIJMpnSITIOM 
(La'll*  Analyais  -  %) 

Carbon  (max.) 

Manganese 
phosphorus  (max.) 
Sulphui  (Man.) 

Si l Icon 

Chr«x9lom 

Nickel 

1  yhdenum 

Copper 

Tit  an  1  im 

Vanadium 

Al  imlmm 

nt  h«*  r  a 

0.  18 

0.70  -  1.60 

0.04 

0.04 

0. 10  aiin. 

0.20  max . 

0.40  max. 

0.00  max. 

0. IS  max. 

0.01  -  0.10 

0.015  aiin. 

0.015  -  0.05  Nb 

0. 18 

0.90  -  1.60 

0.04 

0.04 

0.  10  min. 

0.20  max. 

0.40  max. 

0.00  max. 

0. 15  max. 

0.0)  -  0.10 

0.015  aiin. 

0.015  -  0.05  Hh 

0.  10 

0.90  -  1.60 

0.04 

0.04 

0.  10  min. 

0.20  max. 

0.40  max. 

0.00  max. 

0. 15  max. 

0.01  -  0.10 

0.015  min. 

0.015  -  0.05 

NnlMi 

tbnsilc  nonimnm 
uitlMt*  imii 

vt.lri  (•ih.iiki/pw1  usil 

Elongation  lain*)  %  in 
i.»i  )?*  (INI  of  .. 
noted  (A-araa  of  ape.) 

41  -  52  I5R  -  74) 

27  (10.5) 

22 

45  -  60  (64  -  851 

12  (45.5) 

22 

62  (80) 

14  (40) 

22 

CHAPPY  V-NOTCH  IMPACT 
TEST 

Temperature  *C 

Energy ,  KG-M  (PT-LB) 

-40 

2.75  (20)  Lonqitudlnal 

-40 

1.16  (21)  Lonqitudlnal 

-40 

1.47  (25)  Longitudinal 

HOT  TEMPERATURE  *C 

DYNAMIC  TEAR  ENERGY 
|M  KG-M  (  PT-LB)  AT  24*«* 
POP  16  MM  (5/0  IN) 

THICK  SPECIMEN 

ABRASION  RESISTANCE  AS 
BRINKI.L  HARDNESS 

110  -  147 

125  -  170 

177 

REQUIRED  WELDING  AND 
PABWICATloN  TECHNIQUES 

Moderate  preheat  for 
weldtnq.  Low-hydrogen 
practice.  Normal  forming 

A  cutting  practice. 

Moderate  preheat  for 
weldtnq.  1/iw- hydrogen 
practice.  Normal  forming 

6  cutting  |iracttr*. 

Moderate  preheat  for 
welding,  low-hydrogen 
practice.  Normal  forming 

A  cut  ting  pr  act  1  ce  . 

RELATIVE  itjKT  P ACTOR 
(Ham*  I  'm  AH.*;  'trade  A) 

1.4) 

1.41 

1.41 

TABLE  8-3. 3  (Continued) 

gogwriu  or  »rms  used  ron  ice-strengthened  ships 


STEEL  TYPE  ft  GRAOE 

Lloyd's  Register 

NTS  Gr.  EH 36 

Norake  Veritas 

NTS  Gr.  NVE27S 

Norsks  Veritas 

MTS  Gr.  NVE32 

process  or  nairjfactuee 

Open-hearth,  heaic-oxygen , 
or  el ectr ic- furnace 
process 

open-hearth,  haste-oxygen , 
or  electric- furnace 

procesea 

Open-hearth,  heaic-oxygen , 
or  electric- furnace 
process 

DEOXIDATION 

Silicon-killed  only 

Fully  killed 

Fully  killed 

dznciig 

Normalised 

Normalised 

Normal Ised 

CHEMICAL  COMPOSITION 
(Ladle  Analysis  -  ft) 

Carbon  (mx.) 

Phosphor ua  (mx,  ) 
Sulphur  (max.) 

Si  1  icon 

ChrOMliwa 

Nickel 

Ihl  ybdenum 

Copper 

Titanium 

Vanadium 
ft]  minux 

others 

Notes : 

0. 18 

0.70  -  1.60 

0.04 

0.04 

0. 10  Min. 

0.20  Max. 

0.40  max. 

0.08  max. 

0.3%  max. 

0.03  -  0.10 

0.015  Min. 

0.01  -  0.0%  Mb 

0.18 

0.70  min. 

0.04 

0.04 

0.10  -  0.50 

0.20  max. 

0.40  max. 

0.08  max. 

0. 35  max. 

0.10  max. 

0.08  max. 

0.05  max.  Nb 

0.18 

0.9  -  1.6 

0.04 

0.04 

0.10  -  0.50 

0.20  max. 

0.40  max. 

0.08  max. 

0.35  max. 

0. 10  max. 

0.08  max. 

0.05  max.  *•> 

tens  ■  lx  moumcNcim 
IIUlMt.  EC/*1  1  ESI ) 

(•in.iEC/m1  (ESi  i 
Elongation  %  in 

5.65  |TT  m  (INI  or  as 
noted  (ft- area  of  ape*) 

60-63  (31  -  90) 

36  (SI) 

21 

41-54  (58  -  77) 

27  (38.5) 

22 

45-60  (64-85) 

32  (45.5) 

22 

CHAPPY  V -NOTCH  IMPACT 
TEST 

Temperature  *C 

Energy ,  EC-M  ( FT-LB 1 

-40 

3.47  (25)  Longitudinal 

-40 

2.75  (20)  Longitudinal 

-40 

3.16  (23)  Longitudinal 

NUT  TEMPERATURE  *C 

DYNAMIC  TEAR  ENERGY 

IN  KG-N  1 FT-LB)  AT  24*C 
FOR  16  MM  (S/9  IN) 

THICK  SPECIMEN 

ABRASION  RESISTANCE  AS 
BRINELL  HARDNESS 

140  -  181 

110  -  153 

125  -  170 

REQUIRED  WELDING  AND 
FABRICATION  TECHNIQUES 

Moderate  preheat  for 
welding.  Low-hydrogen 
practice.  Norma 1  forming 
ft  cutting  practice. 

Moderate  pm sheet  for 
welding.  Low-hydrogen 
practice.  Normal  forming 
ft  cutting  practice. 

Modarata  preheat  for 
welding.  Low-hydrogen 
practice.  Normal  forming 
ft  cutting  practice. 

RELATIVE  roST  FACTOR 
f Meacd  *w»  ASS  Grade  A) 

1.43 

1.47 

1.43 

I 


TABU  B-3.3  (Continued) 

PROPERTIES  OF  STEELS  USED  FOR  ICE- STRENGTHENED  SHIPS 


STEEL  TYPE  A  GRADE 


PROCESS  or  MANUFACTURE 


DEOXIDATION 


HEAT  TREATMENT 


Norsks  VeritAS 
HTS  Cr.  NVES6 


j~Nnr 


ske  Ver It  as 
HTS  Gr.  WVE40S 


open-hearth,  basic-oxygen , 
or  electric-furnace 
process 


Open- he.1’  t h  ,  hasic-oxygen  , 
or  elect i tc- furnace 
process 


Fully  killed 


Fully  killed 


Normalized 


Normal lxed 


Bureau  Ver itas 

HTS  Gr.  EH32 _ 

Open-hearth,  basic-oxygen , 

electric- furnace,  or  any 

egu! valent  approved  by  the 

society _ 

Filled,  fine  grain 


Normalised 


CHEMICAL  COMPOSITION 
(Ladle  Analysis  -  %) 


Carbon  (man*) 
Manganese 
Phosphor  us  ( max . ) 
Sulphur  (max.) 

Si  1  Icon 
chromium 
Nickel 
Mol ybdenum 
Copper 
Tt  tan  turn 
Vanadium 
A1  <sn  Mum 
Ot  hers 


0,  IS 

0.9  -  1.6 
0.04 
0.04 

0.10  -  0.50 
0.20  max. 
0.40  max. 
O.Ofl  max. 

0. 35  max. 

0. 10  max . 
0.08  max. 
0.05  max.  Mb 


0.  IB 

0.09  -  1.8 
0.04 
0.04 

0.10  -  0.50 
0.20  max. 
0.40  max. 
0.00  max. 

0. 35  max. 

0. 10  max. 
0.08  max. 
0.05  max.  Nh 


0.  10 

0.09  -  1.60 
0.04 
0.04 

0.10  -  0.50 
0.20  max. 
0.40  max. 
0.00  max. 

0,  35  max. 

0. 10  max. 
0.015  -  0.06 

0.05  max.  »•* 


TENSILE  REQUIREMENTS 
Ultimate  KG/W2  (RSI) 
Yield  ( min . IKG/MM2  (ESI 
Elongation  (min.*  %  In 
5.65  ,'J T  m  (IN)  or  aa 


50  -  6)  (71 
16  (51) 
21 


90) 


54  -  66  (77 
40  (57) 
20 


94) 


45  -  60  (64  -  05) 
32  (45.5) 

20 


noted  (A»area  of  ape.) 


CHARPY  V- NOTCH  IMPACT 
TEST 

Temperature  *C 
Energy,  KG-M  ( FT -LB) 


NDT  TEMPERATURE  #C 


DYNAMIC  TEAR  ENERGY 
IN  RT.-M  (FT-I.B)  AT  24*c 
FOR  16  MM  ( 5/H  IN) 

THICK  SPECIMEN 


A8NASI<>N  RESISTANCE  AS 
RRINFI.I.  HARDNESS 


REQUIRED  WELDING  AND 
FABRICATION  TECHNIQUES 


-40 

3.47  (25)  Longitudinal 
2.45  (18)  Transverse 


fAnleratn  preheat  for 
melding.  Uim-hydrogen 
inert  trm.  Normal  forming 
A  rutting  practice. 


-40 

4.0  (29)  Longitudinal 
2.65  ( 19)  Transverae 


Moderate  preheat  for 
melding.  |<r>m- hydrogen 
practice.  Norma)  forming 
A  rutting  (mart  Ire. 


3.16  (21)  Longitudinal 


Moderate  preheat  for 
melding.  Inm-hydrogen 
practice.  Normal  forming 
A  rutting  practice. 


REIjATI  VK  Co*;  r  FACTOR 
( m  A  HS  Grade  At 


1.41 


1.4) 


1.41 


TJULt  i-J.JlConUm wd) 


wowtriw  or  gggj  ugp  row  ics-rrsKMcmcwto  ships 


r-  r-T’nTr— ■ 

MKK 

NKX 

I  ",  V  I 

NTS  Gr.  KK32 

NTS  Gr.  KB36 

open-hearth ,  bexic-osygen , 

Open-hearth ,  basic-oxygen. 

Open-hearth,  basic- oxygen. 

IWW  or  NAMUT ACTUM 

alacti lc- furnace,  or  any 

electr ic- furnace 

electr Ic- furnace 

equivalent  approved  by  the 

process,  or  other  approved 

process,  or  other  approved 

•>*(*», 

by  the  society 

by  the  society  i 

MON  1  DAT  ION 

Killed,  flee  grain 

Killed 

Killed 

MAT  TNCATMWT 

I'll  'llll  1  — — 

Nor eal trad 

CEanimMNNHHHMi 

cmmical  nufnilTini 

tVAdle  Anal  yaks  -  %> 

Carbon  (  N< .  ) 

0.  18 

0.  18 

0.  18 

Manganese 

0.90  -  1.60 

0.90  -  1.60 

0.90  -  1.60 

Nntphooii  (  m*  • ) 

0.04 

0.04 

0.04 

Sulphur  (mm.) 

0.04 

0.04 

0.04 

St  1  icon 

0. 10  -  0.50 

0.10  -  0.50 

0.10  -  0.50 

ChroNhw 

0.20  eax. 

0.20  Max. 

0.20  Max. 

Nickel 

0.40  Max. 

0.40  Max. 

0.40  «aax. 

Mu  1  yb'tenum 

0.08  Max. 

0.08  Max. 

0.08  max. 

Coiixr 

Titanium 

0.15  Max. 

0.35  max. 

0.15  Max. 

Vanad 1  um 

0.05  -  0.10 

0.05  -  0.10 

Al  wlmM 

0.015  -  0.06 

0.015  Min. 

0.015  Min. 

Othtir  a 

0.02  -  0.05  Nb 

0.02  -  0.05  Mb 

Mniesi 

TfMSILt  RigulPOfSMTS 
lilt  i  Mate  wc/m2  (KSI) 

50  -  61  (71  -  90) 

«R  -  M  It*  -  .SI 

50  -  61  (71  -  90) 

l»M  (aln.lKG/m?  (KSI 

16  (51) 

12  (IS. SI 

16  (51) 

elongation  (Min.)  %  In 

20 

22 

21 

|'IT  fM  (IN)  or  m 
noted  IA*«r*i  of  tpt.l 


CHAPPY  V-NOTCH  IMPACT 


TABLE  B-3. J (Continued) 


pnownia  or  sntLS  us«p  row  lct-STBEwcwttwto  ships 


*TKL  Tin  .  CM  DC 

German.  Lloyd 

NTS  Gr.  S)2 

Geraan.  Lloyd 

HTS  Cr.  (36 

ASTM-A63 3 

Gr.  c 

PROCESS  or  MANUFACTURE 

teiMrtai 

Open-hearth,  ha etc- oxygen , 
or  el set  r ic- furnace 
process 

DEOXIDATION 

Rilled 

Pine  grain  practice 

III  l  — 

NoimI  lsed 

i  in  a— s 

Noras! lsed 

CHEMICAL  COMPOSITION 
( Ladle  Analysis  -  \) 

Carbon  {mx.> 

Manganese 

Phosphor  us  ( aax • 1 
Sul|thur  (mx.) 

Si  1  icon 

Chromium 

Nickel 

Ml»l ybdenux 

Copper 

Titanium 

Vanadium 

A)  iMlnm 

outers 

Not**: 

0.18 

0.90  -  1.60 

0.04 

0.04 

0.10  -  0.60 

0.20  MX. 

0.40  aax. 

0.08  a«x. 

0.15  MAX. 

0.02  -  8.07 

0.18 

0.90  -  1.60 

0.04 

0.04 

0.10  -  0.50 

0.20  aax. 

0.40  aax. 

0.08  aax. 

0.15  aax. 

0.05  -  0.10 

0.02  -  0.07 

0.02  -  0.05  Nb 

0.20 

1.15  -  1.50 

0.04 

0.05 

0.15  -  0.50 

0.01  -  0.05  Cb 

TCWILC  Mo VlHgHBMTS 
UltlMt.  tc/m3  (Mil 
mid  (.In.lKC/IW2  (Mil 
t longs t inn  (ain.)  1  In 
5.6%  ,1T  m  |  IN)  or  ss 
note<1  (A- ares  of  spe.) 

48  -  60  (68-85) 

12  145.5) 

22 

50  -  61  (71  -  90) 

16  (51) 

21 

49  -  61  (70  -  90) 

15  (50) 

21 

in  51  MM  (2  ZN) 

C HARPY  V-NOTCH  IMPACT 
TEST 

Temperature  *C 

Energy ,  KG-M  ( FT-LB) 

-40 

1.2  (21)  Longitudinal 
2.4  (17)  Transverse 

-40 

1.5  (25)  Longitudinal 
2.2  (16)  Transverse 

-46 

3.5  (25)  Longitudinal 

NUT  TEMPERATURE  T. 

-57  aver. 

DYNAMIC  TEAR  ENERGY 

IN  ICG-M  <  FT-LB)  AT  24*C 
FOR  16  MM  I S/6  IN) 

THICR  SPECIMEN 

ABRASION  RESISTANCE  AS 
BRfNELf.  HARDNESS 

1 15  -  170 

140  -  181 

117  -  181 

REQUIRED  WEI  JUNG  AND 
FABRICATION  TECHNIQUES 

Noderate  preheat  for 
welling,  tow-hydrogen 
l*r art  Ire.  fSirsuil  foralng 
and  cutting  pr art  Ire. 

Noderate  preheat  for 
welding,  tow-hydrogen 
prectlre.  MnrMl  fnralng 
and  rutting  practice. 

Moderate  preheat  for 
welding,  tow-hydroqen 
practice.  Nnrael  foralng 

A  cutting  fr art tre. 

RKIATIVK  cost  ►’ACTOR 

*  Has«»*l  on  Alls  Grale  A) 

1.41 

1.41 

1.41 

144 


TABIC  B-3.3  (Continued) 


wowgng  or  mtu  umd  roa  ici-strengthened  mipm 


STEEL  TYPE  ft  GUAM 

A STM- Aft 1R 

Gr.  A 

ARS  low  -,Te*p. 

Gr.  V-0S1 

PROCESS  OP  HANUFftCtURB 

Open-hearth,  basic- oxygen , 
or  electric- furnace 
process 

Open-hearth ,  hatlc-oxygen, 
or  electric- furnace 
procsea 

Open-hearth,  haste-oxygen , 
or  electric- furnace 
process 

DEOXIDATION 

Pine  grain  practice 

Pins  grain  practice 

Pine  grain  practice 

rmxTT  nrrT^—— 

rWTHW  IT-BTIM 

Noras I lead 

mmeBaaN 

CHEMICAL  COMPOSITION 
(U4U  Analysis  -  ft) 

Carbon  Imi.  ) 

Manganese 

phosphorus  (sax.) 
Sulphur  (mx.) 

81 1  Icon 

Chroalw 

Nicks 1 

Nnl  yMtniM 

Copper 

Tltaniuxi 

Vanadium 

A1  uninun 

Others 

0.16 

0.90  -  1.50 

0.04 

0.0ft 

0.1ft  -  0.40 

0.20  -  0.15* 

0.20 

0.90  -  1.15 

0.04 

0.04 

0.10  -  0.35 

0.25  «ax. 

0.00  aax. 

0.0R  mx. 

0.15  mx. 

0.  10  MX. 

0.065  nax. 

0.05  MM.  Cb 

0.16 

1.1ft  -  1.50 

0.04 

0.04 

0.10  -  0.15 

0.25  wax. 

0.80  wax. 

0.08  nax. 

0.15  nax. 

0.  10  nax. 

0.06ft  nax. 

0.0ft  wax.  Cb 

Notes: 

•Run  specified 

ra. i li  mguiMNim 

Ultlaat.  IB /Ml3  <MI) 
Vi.ld  lain. tlG/MI3  (till 
elongation  (nln.)  ft  In 
5.6ft  *,  k  m  (IN)  or  as 
notad  (A-area  of  spa.) 

49  -  6}  (TO  -  90) 

35  (  50) 

22 

in  ftl  MM  (2  IN) 

41  -  ftl  (50  -  90) 

2ft  (16) 

22 

41  -  63  (58  -  90) 

2ft  Oft) 

22 

CMARPT  V -NOTCH  IMPACT 
T1ST 

Ttnparature  *C 

Energy,  EG-N  ( PT-LS) 

Pur chaser  specs. 

-71 

2.S  (20)  Longltodinsl 
2.0  (14)  Tr snarer es 

-19 

3. ft  (2ft)  Longitudinal 
2.3  (17)  Transverse 

-51 

3.5  (2ft)  Longitudinal 
2.3  (17)  Traneverea 

NOT  TEMPERATURE  *C 

-62  seer. 

-57  aver. 

-57  aver  • 

DYNAMIC  TEAR  ENERGY 

IN  KG-N  ( rr-LR)  AT  24  *C 
POR  16  MM  (ft/8  IN) 

THICK  SPECIMEN 

ARRAS ION  RESISTANCE  AS 

SR I HELL  HARDNESS 

110  -  INI 

110  -  101 

110  -  181 

REQUIRED  MELDING  AND 
PARRICATION  TECHNIQUES 

Controlled  welding 
process.  Nodar sts 
preheat  •  law-hydrogen 
practice.  Nor  Ml  faming 
ft  cutting  practice. 

Preheat  required,  if 
ewhient  Map.  below  o*C 
Low-hydrogen  practice. 
Selected  electrodes. 

Nornel  forming  ft  cutting 
practice 

Preheat  required ,  if 
enblent  teeip.  below  0*C 
Low-hydrogen  practice. 
Selected  electrodes. 

Nornel  fornlng  ft  cutting 
practice 

NEMTt VC  »YWT  FACTOR 

(ha»«-1  on  ARS  Grade  A) 

1.4ft 

1.4ft 

1.4ft 

TABLE  B-3. 3 (Continued) 


gnogigms  or  steels  used  pop  |gg-» 


stvbl  rrn  .  giudc 

ASTN-A678 

Gr.  B 

ASTM-A633 

Gr.  E 

AS1H-A67P 

Gr.  c 

pane css  or  nnnuTAcruiut 

Open-haarth,  basic-oxygen , 
or  alectr lc- furnace 
process 

Open-hearth ,  haslc-oxygen , 

or  electric- furnace 
process 

Open-hearth ,  basic-on ygtn , 
or  alactric-furnaca 
process 

DEOXIDATION 

Pina  grain  pc  act ica 

Pins  grain  practice 

Pine  grain  |V act ica 

Quenched  A  temp a rad 

I”’- tui  immmm— 

Quanchad  6  trgurtd 

CHEMICAL  COMPOSITION 
(Ledla  Analysis  -  «) 

Carbon  Ink.) 

Msnqanese 

Pwaphorua  Imi.) 
Sulphur  (mm.) 

SI  1  Icon 

Chromium 

Nickel 

Molybdenum 

Copper 

Titanium 

Vanadium 

AltmHnun 

Other* 

0.20 

0.70  -  1.35 

0.04 

0.05 

0.15  -  0.50 

0.25  max. 

0.25  max. 

0. OH  max. 

0.20  -  0.35* 

0.22 

1.15  -  1.50 

0.04 

0.05 

0.15  -  0.50 

0.04  -  0.11 

0.01  -  0.03  Nitrogen 

0.22 

1.00  -  1.60 

0.04 

A. 05 

0.20  -  0.50 

0.25  max. 

0.25  max. 

0.0S  max. 

0.20  -  0.35* 

Notea: 

‘When  apeclfiad 

‘Double  normalised 
above  76  MM  (1  tN). 

•Whan  apaciflad 

TtntiL.  mauianam 

uitlMt*  nc/m1  tun 
TI.M  laln.lU/W1  11*11 
Elongation  (min.)  %  in 
5.65  tf  m  (INI  or  a* 
noted  < A-area  of  apt.) 

56  -  70  (SO  -  100) 

42  (60) 

22 

In  51  NM  (2  INI 

_ 

56  -  70  (  90  -  100) 

42  (60) 

23 

in  51  MM  (2  IN) 

_ 

Por  3*  MM  ( 1.5  IN)  Incl. 

63  -  77  (90  -  110) 

49  (701 
« 

in  51  MM  (2  IN) 

CHAPPY  V -NOTCH  IMPACT 
TEST 

Temperature  *c 

Energy ,  EC-M  1  PT-LS) 

Purchaaar  space. 

-73 

2.0  (14)  Longitudinal 
1.4  (10)  Transverse 

■■■ 

Purchaser  Specs. 

-73 

2.0  (26)  Longitudinal 
2.0  (14)  Transverse 

mrr  temperature  *c 

-57  avar. 

-46  aver. 

-73  to  -66 

DYNAMIC  TEAS  ENERGY 

IN  KG-M  ( FT- LB)  AT  24‘C 
PON  16  MM  (6/6  IN) 

THirp  SPECIMEN 

A SPA SION  PES I STANCE  AS 
SPINELI.  HARDNESS 

159  -  202 

mam 

III  -  221 

REQUIRED  WELDING  AND 
PAPPK'ATMN  TECHNIQUES 

Control  lad  welding 
procea*.  Noderata 
preheat.  Low-hydrogen 
practice.  Normal  forming 
*  cutting  practice. 

Controlled  welding 
process,  federate 
preheat •  Utw-hf drogan 
pr act ica.  Normal  forming 
and  cutting  practice. 

Controlled  maiding 
process  with  fweheettng. 
tow-hydrogen  practice. 
Selected  electrodes. 

Normal  forming  4  cutting 
practice. 

PWATIVE  «*UST  PACTOP 
»Saa*t  on  APS  Grade  A) 

1.4P 

1.49 

1.50 

TABLE  B-3. 3  (Continued) 

WgjWTlH  Of  8TEEL8  U8EP  POP  ICE-STRENGTHENED  SHIPS 


STEEL  TV»C  A  GRAM 

ASTM-AS17 

Claaa  2 

A8TM-A717 

Cr.  o 

CG-A5J7 

Gr.  M 

PROCESS  OP  NANUTACTUItE 

Opan-haarth,  haalc-oaygan , 
or  alactr ic-furnaca 
procaaa 

Opan-haarth ,  baaie-oaygen , 
or  pi act r ic-furnaca 
procaaa 

Opan-haarth,  haalc-oaygan, 
or  alactr ic-furnaca 
procaaa 

DEOXIDATION 

Pina  grain  practica 

Killad,  fina  grain  |Y act  tea 

rnrxjTTTr 

Qua n chad  a  taaparad 

i  in' 

Qua nc had  A  taaparad 

CHEMICAL  COMPOSITION 

Carbon  Ink.) 

Nanqanaaa 

phoaphorua  laai.) 
Sulphur  («ax.) 

Si  1  icon 

Chrmaiiaa 

Hi  deal 

R)1  ybdamm 

Coppar 

TltanftuM 

Vanad  1 

Miwlma 

Othara 

0.24 

0.70  -  1.15 

0. 015 

0.040 

0.15  -  0.50 

0.25  Rian. 

0.25  nan. 

0. 00  naa. 

0.  15  MM. 

0.22 

1.10  -  1.55 

0.015 

0.015 

0.10  -  0.55 

o.o*  *  rr> 

0.14 

0.90  -  1.50 

0.035 

0.040 

0.15  -  0.35 

0.25  aax. 

0.25  nan. 

0.08  ataa. 

0. 15  aar. 

Noteat 

Ttmiu  Mguimam 
uitiwt.  a/m3  Kill 
vi. 1.  laln.ivc/m2  Kill 
Elongation  (nin.)  %  in 
5.45  , L  m  (IN)  or  aa 
no tad  (A-araa  of  apa.) 

54-  70  4M  -  100) 

42  140) 

22 

in  51  MM  (2  IN) 

49  -  43  (70  -  90) 

35  (50) 

23 

in  51  NM  (2  IN) 

49  -  43  (  70  -  90) 

35  (50) 

22 

In  51  MM  (2  IN) 

CHAPPY  V-NOTCH  IMPACT 

TEST 

Energy,  EG-M  (  PT-L0) 

-40 

2.1  (15)  Longitudinal 

-44 

3.5  (25)  Longitudinal 
2.0  (20)  Transvaraa 

-SI 

2.0  1201  Tr.nair.rw 

Mtrr  TEMPERATURE  *C 

-42  to  -51 

-42  avar. 

DYNAMIC  TEAR  ENERGY 

IN  Nft-N  ( PT-LE)  AT  24*C 
POR  IS  MM  (VS  IN) 

THICK  SPECIMEN 

74  (550) 

ARRASION  RESISTANCE  AS 
BRINELI.  HARDNESS 

159  -  202 

117  -  101 

130  -  101 

REQUIRED  MELDING  AND 
PARR IC ATI ON  TECHNIQUES 

Control  lad  wuldinq 
procaaa.  Nndarata 
prahaat.  lov-hydrngan 
practica.  Nor  Mi  forming 
a  cutting  fa  act  !<*#. 

Nodar at a  prahaat  for 
watding.  Loa-hydrogan 
practica.  Normal  forming 
a  cutting  practica. 

Control  lad  Maiding 
procaaa.  Nndarata 
prahaat .  1/why  dr  og an 
practica.  Nnraial  forming 

A  rutting  practica. 

1.51 

1.51 

1.52 

TABIC  D-3.3  (Continued) 


woHgww  or  wiu  usko  roe  ick-btakmcthkwkd  shim 


P  AOCBSS  or  NANUPACTUItE 


ASTN-A710 
Cl.  A  Clll>  1 


op«n-hearth,  haaic-oayren , 
or  •l«ctrtc-(tiriMc« 

process 


et-so 


Open-hearth,  hasl e-oxygen , 
or  electric- furnace 
process 


DCOHDATIOM 
UtAT  rwrikwt 


Killed,  fine  grain  pr actlc« 


Quenched  i  teggered 


Quenched  *  teapered 


HV-100 

MIL-S-16216H _ 

Open- hearth ,  basic-oxygen , 
or  el  set r ic- furnace 
process 


Quenched  s  tempered 


CNBMICAL  COMPOSITION 
(Ladle  Analysis  -  %> 


Carbon  (su.) 

0.07 

0.1S 

0.20 

Manganese 

0.40  -  0.70 

0.10  -  0.40 

0.10  -  0.40 

Phosphorus  (aai.) 

0.026 

0.025 

0.025 

Sulphur  (sms.) 

0.026 

0.025 

0.025 

Si 1  Icon 

0.40  sms. 

0.15  -  0.15 

0.16  -  0.15 

Chroolusi 

0.60  -  0.90 

1.00  -  1 .so 

1.00  -  i.en 

Nickel 

0.70  -  1.00 

2.00  -  1.25 

2.25  -  1.60 

Molybdenun 

0.16  -  0.26 

0.20  -  0.60 

0.20  -  0.60 

Ooppmt 

1.00  -  1.30 

0.25  su. 

0.25  nan. 

Titeniun 

0.02  ass. 

0.02  nan. 
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0.01  SMS. 

0.01  nax. 

Al  uni  nun  i 
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20 

IS 

5.65  >iT  m  (IN)  or  as 

51  NN  (2  IN) 

In  51  NN  (2  IN) 

in  51  NN  (2  IN) 
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weld Ins  process.  Costly 
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Special  electrodes. 
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foreing  r*»wet •  Plate  tMRp. 

In  the  ss-rolled  omdltlon. 

for  flaws  (rutting  not 

for  f  1  nee  «*uttlng  not 
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below  10*C. 
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leased  ftn  AHA  'irade  A ) 
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TABLE  B-4. 1 

TYPICAL  NIOBOOV  PANEL  HEIGHTS  t  COSTS  ■  POLAR  STAR  (Panel  Height  •  B.S  ft) 


STIFF. 

STIFF. 

STIFFENER 

CLASS 

SPCG. 

S.H. 

SIZE 

ASS4AI.C;  Lloyds  3i  DNV  ICC  Ci 

IV  111 i  USSR  A3.A4-  PRC  Bill 

26 

0.40 

6 

5"  x  3-1/2"  x  1/4"  L 

USSR  A2i  PRC  811;  BV  II 

26 

0.45 

6 

5"  x  3-1/2"  x  1/4"  L 

ASS  IC 

26 

0.50 

6 

5"  x  3-1/2"  x  1/4"  L 

ABS  1;  Lloyds  2 

26 

0.55 

6 

5"  x  3-1/2"  x  1/4"  L 

ABS  18;  NKK  B.C 

26 

0.70 

6 

5"  x  3-1/2"  x  1/4"  l 

ASPPR  1.  ABS  IA 

26 

0.75 

22 

8"  x  4"  x  1/2"  l 

ABS  IAA 

26 

1.00 

22 

0”  x  4"  x  1/2"  L 

ASPPR  2 

26 

1.55 

87 

13-3/4"  x  8"  x  48#  1-T 

ASPPR  4 

26 

2.00 

145 

16-3/8”  x  10-1/4"  x  67#  I-T 

ASPPR  7 

26 

2.25 

106 

21-1/4"  x  8-1/4"  x  73#  I-T 

ASPPR  10 

26 

2.35 

208 

21-3/8”  x  8-3/8"  x  83#  I-T 

ASPPR  1 

16 

0.60 

15 

7M  x  4"  x  3/8"  L 

NKK  A 

16 

0.80 

15 

7"  x  4"  x  3/8"  L 

ASPPR  2,  NKK  AA 

16 

0.90 

30 

8"  x  6"  x  1/2“  L 

UIIV  Icebreaker 

16 

1.10 

30 

9"  i  4"  x  1/2"  L 

ONV  Arctic  Icebreaker 

16 

1.45 

30 

9"  x  4“  x  1/2"  L 

ASPPR  2 

16 

0.95 

54 

12-1/2“  x  6-1/2“  x  35P  I-T 

ASPPR  4 

16 

1.25 

90 

13-7/8"  x  8"  x  53#  I-T 

ASPPR  7 

16 

1.40 

116 

14"  x  10"  x  68#  I-T 

ASPPR  10 

16 

1.45 

129 

18-1/4“  x  7-1/2"  x  60#  I-T 

ARS  A.  Lloyds  1,  USSR  Ali  BV  1. 

PRC  B! 

13 

0.50 

6 

4"  x  3-1/2"  x  3/8"  L 

lloyds  1*,  PRC  Rl* 

13 

0.55 

6 

5"  x  3-1/2*  i  1/4"  L 

BV  1 -Super 

13 

1.25 

6 

5"  x  3"  x  1/4"  L 

USSR  n 

13 

0.55 

in 

6"  x  4"  x  5/16"  L 

TABLE  B-4. 2 

TYPICAL  HIOIOOV  PANEL  HEIGHTS  1  COSTS  -  HV  ARCTIC  (Panel  Height  •  27  ft) 

t  CHG.  |t  CIS. 

COST 


ARS  *AI.  C,  IC;  Lloyds  2,  3, 
ONY  ICE  Ci  BV  HI;  USSR  A3.  A4 
HICK  Ci  PRC  Blit 

BV  II;  USSR  A2;  PRC  BII 

ABS  B,  IB;  NKK  B 

ASPPR  1 

ABS  IA 

ABS  IAA 

ASPPR  2 

ASPPR  « 

ASPPR  7 
ASPPR  10 
OHV  Icebreaker 

DRV  Arctic  Icebreaker 

ASPPR  I 
USSR  A2 
RKK  A 
Lloyds  I 
Lloyds  I* 

PRC  II BV  I 

ABS  A;  USSR  VA;  PRC  11* 

BV  l-Super 
ASPPR  2 
NKK  AA 
ASPPR  4 
ASPPR  7 
ASPPR  10 


11-1/2" 

T-52"  x 
11-1/2" 

12”  x  9" 
13-5/8" 
16-1/4" 
15"  x  8“ 
15"  x  8* 
18-1/4" 
18-1/4" 
18-1/8" 
18"  x  8" 
24"  x  6" 
T-1S"  x 
T-20"  x 
T-22"  x 


STIFFENER 

SIZE 


a  7-1/2”  x  55#  I-T 
x  7-1/2"  x  55#  1-T 
x  7-1/2"  x  55#  I-T 
x  7-1/2"  x  55#  I-T 
x  7-1/2"  x  55#  I-T 
x  7-1/2"  x  55#  I-T 
x  9-1/8“  x  94#  I-T 
x  11-1/2"  x  141#  I-T 

x  12-1/8"  x  182#  I-T 

x  16-1/2"  x  230#  I-T 

1"  Web, 
x  1-1/4"  Fig. 

1’  Heb. 
x  1-3/4"  Fig. 

"  x  15.3#  Fig.  Pit. 
x  8"  x  43#  I-T 
x  7-1/8"  x  50#  I-T 
“  x  30.6#  Fig.  Pit. 

"  x  30.6#  Fig.  Pit. 

X  7-1/2"  x  60#  I-T 
x  7-1/2"  x  60#  I-T 
x  7-1/2"  x  55#  I-T 
“  x  25.5#  Fig.  Pit. 

"  x  17.85#  Fig.  Pit. 
I"  Heb.  0"  x  2”  Fig. 
1"  Heb,  8"  x  2’  Fig. 
1"  Heb,  8"  x  2-1/4" 


II 


7 ML!  1-4.3 

TYPICAL  NIMOOY  PAKl  WEIGHTS  1  COSTS  -  MCTIC  TANKER  (Pint I  Might  ■  7.S  ft) 


CUSS 

STIFF. 

SPC6. 

PLT6. 

THCK. 

STIFF. 

S.N. 

STlFFtKR 

size 

X  CHG. 
WGT. 

X  CHG. 
COST 

MSMI.I,  C,  11.  ICi  Lloyds  2.  3; 
0M  1C!  C!  IV  11,  111;  USSR  A2.  A3. 
M(  IKK  Cs  PRC  till 

40 

1.0S 

38 

10-1/2“  *  5-3/4“  «  306  l-T 

00 

m 

NKK  1 

40 

1.10 

38 

10-1/2”  »  5-3/4“  *  30#  l-T 

4.2 

■Q 

PRC  111 

40 

1.15 

10-1/2“  t  5-3/4“  «  30#  l-T 

8.3 

8.3 

MS  IA;  ASPPR  1 

40 

1.20 

10-1/2“  x  5-3/4“  «  30#  l-T 

12.5 

12. S 

MS  IAA 

40 

1.3S 

10-1/2“  *  S-3/4*  *  30#  l-T 

25.0 

25.0 

ASPPR  2 

40 

2.3S 

18*  >  6*  x  20.4#  Fig.  Pit. 

119.9 

119.9 

ASPPR  4 

40 

3. OS 

175 

21“  x  8-1/4“  x  62#  l-T 

181.9 

181.9 

ASPPR  7 

40 

3.45 

226 

23-7/8*  x  9*  x  76#  l-T 

n 

ASPPR  10 

40 

3. IS 

2S2 

24-1/8“  x  9“  x  84#  l-T 

MV  IcoferMkor 

21 

2.SS 

61 

12*  x  8“  x  40#  l-T 

136.9 

MV  Arctic  Icfbrtoktr 

at 

3. 10 

77 

15“  x  3-3/8“  x  40#  C-L 

231.0 

ASPPR  1 

1.0S 

13 

8“  x  4“  x  13“  l-T 

1.3 

AOS  A;  Lloyds  1;  OV  1 

20 

1.0S 

38 

12-1/4“  i  6-1/2*  x  26#  l-T 

11.2 

11.4 

Lloyds  l*i  IV  1- Soper;  PRC  11. 

■1* 

20 

1.2$ 

38 

12-1/4"  x  6-1/2“  x  26#  I-T 

27.9 

28.5 

USSR  A1 

20 

1 .35 

38 

12-1/4“  x  6-1/2"  x  26#  l-T 

36.2 

36.9 

ASPPR  2 

20 

1.20 

$3 

9-1/8“  x  7-1/2“  x  30#  T 

36.5 

37.2 

MX  A 

20 

1.20 

66 

14-1/8“  x  6-3/4“  x  38#  l-T 

32.9 

33.6 

ASPPR  4 

20 

1.50 

M 

12"  x  9“  x  38#  T 

71.3 

72.7 

MK  AA;  USSR  VA 

20 

1.30 

99 

18“  x  6"  x  20.4#  Fig.  Pit. 

57.0 

58.1 

ASPPR  7 

20 

1.70 

113 

16-3/BT  x  7-1/8“  x  57#  l-T 

92.2 

94.0 

ASPPR  10 

20 

1.00 

127 

21“  x  6“  X  20.4#  Fig.  Pit. 

104.8 

106.9 

APPENDIX  C 


REVIEW  OF  METHODS  FOR  DAMAGE  ANALYSIS 


1 .  INTRODUCTION 


The  objective  of  this  part  of  the  study  is  to  identify  and  review  currently 
available  methods  for  analyzing  ship  damage;  that  is  to  determine  the  external 
ice  loads  which  caused  the  hull  failure.  A  complete  identification  of  such  loads 
acting  normal  to  the  shell  plating  requires  knowledge  of: 

•  the  area  of  action 

•  the  pressure  distribution  within  this  area. 

These  variables  can  be  used  to  calculate  the  average  pressure  distribution  and 
the  total  load. 

There  is  no  method,  within  the  state-of-the-art,  which  can  be  used  to  de¬ 
termine  the  ice  pressure  distribution.  Therefore,  it  is  common  to  assume  a  uniform 
pressure  within  the  contact  area.  Nonetheless,  the  influence  of  pressure  distribu¬ 
tion  is  thought  to  have  significant  effects  on  the  unevenness  of  load  distribution 
on  the  hull  structure.  The  assumption  of  uniform  pressure  on  a  small  plate  panel 
is,  on  the  other  hand,  quite  acceptable. 

In  most  damage  incidents,  if  not  all  of  them,  an  analyst  is  bound  to  make 
some  assumptions  as  to  how  the  damage  occurred.  Although  simple  damage  analysis 
techniques  do  not  require  elaborate  data  and  it  is  often  sufficient  to  have  the 
structural  detail,  knowledge  of  the  damage  circumstances  Is  essential  to  the 
understanding  of  such  occurrences.  For  instance,  in  order  to  justify  the  damage 
location,  one  should  know  the  operating  draft  and  trim  of  the  ship,  ice  thickness, 
type  of  ice, and  possible  physical  description. 

The  review  of  damage  analysis  methods  is  divided  into  two  sections:  the 
first  is  concerned  with  simple  techniques  which  attempt  to  predict  the  uniform 
failure  pressures  without  regard  to  how  it  occurred,  while  the  second  section  is 
devoted  to  proposing  a  more  detailed  approach  to  study  ice  damage. 


2.  SIMPLE  METHODS 


The  simplest  approach  considers  the  failure  of  basic  components  of  the  hull 
under  uniform  pressure.  For  instance,  consider  a  long  plate  panel  supported  along 
its  four  sides  by  frames  and  stringers  and  subjected  to  uniform  lateral  pressure. 
The  maximum  pressure  required  to  cause  one  of  the  following  conditions  can  be 
estimated: 


•  reach  the  elastic  limit, 

•  cause  one  plastic  hinge  at  the  center, 

•  cause  two  plastic  hinges  at  the  supports, 

•  cause  three  plastic  hinges,  one  at  the  center 
and  two  at  the  supports, 

•  cause  plate  rupture  due  to  membrane  tension,  etc. 

Therefore,  the  criterion  of  failure  is  important  to  define  and  various  methods 
will  now  be  reviewed. 


2.1  Elastic  Method 


Considering  the  standard  plate  panel  fixed  at  all  edges  and  subjected  to 
uniform  pressure  over  the  entire  plate,  the  maximum  pressure  for  the  stress  at  the 
center  of  the  support,  not  to  exceed  the  elasticity  limit,  is  given  in  any  standard 
elasticity  handbook,  e.g.  [E-27],  as  follows: 


where  a  =  the  yield  strength  of  the  material  (2400  kp/cm2  for  structural 
y  steel  =  35000  psi ) 

t  -  the  plate  thickness 

s  =  the  spacing  between  long  edges  or  frames 

3  =  is  a  coefficient  =0.5  for  an  aspect  ratio  >  2 


Therefore, 

P 


(C.l) 


2.2  Elastic  -  Perfectly  Plastic 


The  simplest  method  for  damage  analysis  is  the  so-called  plastic  method 
proposed  by  Johansson  in  1967  [E-13].  The  method  is  based  on  the  premise  that  a 
permanent  set  does  not  occur  until  three  plastic  hinges  develop;  one  at  each 
support  and  one  at  the  center  of  the  plate  as  shown  in  Figure  D.la.  The  minimum 
uniformly  distributed  pressure,  p,  required  to  satisfy  this  condition,  is  given 
by: 


P 


4o  \ 

y  82  ft 


(C.2) 
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FIGURE  D.l 

PLASTICITY  METHOD  FOR  DAMAGE  ANALYSIS 


(a)  Definition  of  Plate  Calculations 


vwvvvwv 


mi 


(b)  The  Coefficient  fd  gives  the 

reduction  in  the  plating  stress, 
because  of  the  distributing  effect 
due  to  the  limited  vertical  exten¬ 
sion  of  the  ice-pressure 


(c)  Definitions  of  Frame  Calculations 


where  p  =  the  maximum  pressure  the  plating  can  carry  without  onset  of 
plastic  deformation,  kp/cm2 

a  =  the  yield  strength  of  the  plate  material,  kp/cm2  (=2400  kp/cm 
y  for  mild  steel) 

t  =  the  plate  thickness,  mm 

s  =  the  frame  spacing,  mm 

/ ,  =  a  correction  factor  which  accounts  for  frame  spacing  and  is 
a  given  in  Figure  C.l(b). 

The  maximum  pressure  the  frames  can  accommodate  without  plastic  hinge  formation. 
Pi,  is  expressed  by: 


2000  c  W  i 

_  y  p 

o.s.d.  ( a  +  a.d/ 2SL) 


(C.3) 


where 


w  =  the  plastic  section  modulus,  cm3  (which  includes  plate  portion) 
l  =  the  span  of  the  frame,  m 

a  =  the  width  of  ice  pressure,  usually  taken  as  maximum  ice 
thickness,  mm 

a  &  d  are  illustrated  in  Figure  C.l(c) 

For  d  -  1/2,  the  frame  stresses  will  be  maximum  and  the  pressure  reduces 


16000  a  •  w 

u  p 

a.s  (25,  -  a) 


(C.4) 


Johansson  used  this  method  to  determine  the  maximum  pressure  which  would 
have  caused  hull  damage  for  200  ship  damage  cases.  The  damage  pressure  estimated 
by  this  method  is  based  on  an  assumed  standard  contact  area  extending  over  at 
least  two  frame  spacings  and  the  full  depth  of  ice  assumed  to  be  800  mm. 

The  major  criticism  for  this  method  is  the  fact  that  it  does  not  take  into 
account  in-plane  tension  or  membrane  effects  of  the  plate. 

2.3  Plastic  Method  with  Membrane  Effect 

This  method  was  proposed  by  Clarkson  [E-6  ]  in  1956.  It  is  applicable  to 
plate  design  and  retains  the  influence  of  geometry  changes  and  thus,  takes  into 
account  membrane  forces  and  their  effect  on  increasing  the  load  carrying  capacity. 
Assuming  uniformity,  the  pressure  corresponding  to  one  plastic  hinge  is  given  by: 


p  =  4.56  [o  4/3/^/3]  •  (J)4/3 

i/ 


(C.5) 


where 


E  =  the  elastic  modulus  of  the  hull  plate  material  and  other  variables 
are  previously  defined. 
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Archtarldes  [E-1  ]  used  the  data  reported  by  Johansson  [E-13]  to  calculate 
(t/s)  and,  then,  used  equation  (C. 5)  to  estimate  ice  pressures  and  propose  different 
design  curves. 

In  fact,  a  direct  comparison  between  equations  (C.5)  and  (C.2)  is  not  possible 
because  each  one  is  based  on  different  failure  criterion.  For  the  pressure  to  cause 
three  plastic  hinges  with  consideration  of  membrane  effect,  equation  (C.5)  should  be 
corrected  by  approximately  a  factor  of  2  to  read: 


p  =  9.12  [a  */3/W3]  •  (^W3  (C.6)a 

y  8 

Rearranging  (  .6)a  obtain: 

P  -  4  ay  (f)2  •  Z.2S\[(f-)  ■  (f)2  (C.6)b 

Comparing  (C.6)  with  (C.2)  for  structural  steel  and  s/t  -  10  it  appears  that 
consideration  of  membrane  effects  increases  the  pressure  load  capacity  by  approxi¬ 
mately  11-12%.  This  ratio  would  increase  for  high  strength  steels  as  well  as 
higher  spacing  to  thickness  ratios.  It  is  equally  true  that  for  thick  steel  with 
closely  spaced  framing,  the  membrane  effects  will  be  negligible. 


2.4  Empirical  Pressure  Distribution  Method 


This  method  is  based  on  empirical  grounds  proposed  by  Kheysin  [B-18].  He 
suggests  that  due  to  the  flexibility  of  the  shell,  ice  pressure  will  be  distributed 
as  illustrated  in  Figure  C.2.  The  maximum  load  on  transverse  frames  is: 


(C.7) 


where  qo=  o \  •  h/2  ;  oe  ®  ice  crushing  strength 

h  =  thickness 


elasticity  of  the  hull  steel 
elasticity  of  ice 

section  moment  of  inertia  of  the  stringer 

spacing  between  bulkheads 

This  method  can  be  used  to  assess  the  pressure  distribution  that  caused 
damage  if  used  in  conjunction  with  a  plastic  failure  criterion  such  as 
Johansson's.  We  should  write: 

P  •  Pi  •  h  •  S  (C.8) 

where  pi  can  be  obtained  from  equation  (C.4).  By  working  back  a,  obtain  q0  and  estimate 
aQ  under  actual  conditions  of  interaction.  However,  it  should  be  noted  that  the 
method  pertains  to  bulkheads  and  stringers  in  the  middle  body  of  a  ship,  and  it 
is  not  clear  to  us  how  this  method  can  be  applied  to  analysis  of  main  frames  with 
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FIGURE  C.2 


ICE  PRESSURES  ON  THE  HULL 


(a)  Actual  Pressure  Distribution 


(b)  Idealized  Distribution 
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proper  account  of  pressure  distribution  effects.  One  possible  way  is  to  set 
limits  on  the  value  of  a  in  equation  (C.7). 

2.5  Plastic  Energy  Method 

Plastic  analysis  procedure  was  developed  by  McDermott,  et  al  [E  24]  for 
the  analysis  of  tanker  collision.  Although  the  procedure,  which  is  based  on  model 
tests  and  inspection  of  collision  damage,  was  never  extended  to  ice  damage,  it  is 
potentially  useful  in  this  regard.  The  approach  is  based  on  the  calculation  of 
plastic  energy  components  up  to  the  incidence  of  hull  rupture.  This  primarily  in¬ 
volves  three  phenomena  producing  plastic  deformation:  longitudinal  plastic  bending 
of  the  stiffened  hull  plating,  plastic  membrane  tension  in  the  stiffened  hull 
plating,  and  yield  or  buckling  of  the  web  frames  (and/or  swash  bulkheads).  Figure 
C.3  shows  the  possible  sequences  of  these  three  phenomena  for  a  single  hull  ship 
while  Figure  C.4  is  concerned  with  a  double  hull  ship.  The  authors  suggested  that 
most  of  the  energy  absorbed  in  collision  (67  to  90%)  is  due  to  membrane  tension  in 
the  stiffened  hull.  Therefore,  damage  is  expected  to  initiate  where  less  energy 
is  required,  e.g.  bend  and  buckle  stiffeners.  The  latter  would  enhance  plate  de¬ 
formation  through  a  loss  of  support  and  ultimately  lead  to  shell  failure.  This 
scenario  can  be  supported  by  the  nature  of  damage  due  to  ice  observed  on  the 
MV  ARCTIC. 

Unfortunately,  the  formulas  provided  by  McDermott, et  al  are  only  applicable 
to  concentrated  line  load  (due  to  ship  incursion  into  another)  and  it  is  not  suit¬ 
able  for  any  damage  analysis  due  to  ice.  Attempts  to  test  his  method  in  case  of 
ice  damage  proved  it  to  produce  unrealistic  estimates  of  ice  pressures  and  tremen¬ 
dous  loads  which  can  only  exist  in  ship  collision  situations. 

Nonetheless,  his  approach  is  one  step  ahead  as  he  incorporates  the  effects 
of  in-plane  membrane  effects.  This  leads  to  a  higher  hull  loading  capacity  and 
within  the  context  of  damage  analysis  should  produce  higher  ice  pressure  estimates. 

Further  development  of  plastic  damage  analysis  procedures  along  these  lines 
is  highly  recommended. 


2.6  Case  Study 

The  foregoing  discussion  is  limited  to  one  approach  to  the  problem  which 
uses  the  reverse  of  design  criteria.  It  is  capable  only  of  suggesting  what  uniform 
pressure  applied  in  a  prescribed  fashion  on  the  hull  plating  would  have  caused 
structural  failure.  However,  it  remains  the  simplest  and  it  can  lead  to  some 
explanation  of  failure  incidents. 

To  illustrate  this,  let  us  examine  the  damage  inflicted  by  ice  on  the 
MV  ARCTIC  and  attempt  to  predict  ice  pressures  in  accordance  with  the  methods 
described  in  this  section. 

The  damage  is  described  by  Laskey  [6-11]  and  reproduced  in  the  sketch 
shown  in  Figure  C.5.  The  following  details  may  be  used: 

t  =  1.063" 

s  -  12.0"  (for  intermediate  frames) 

W  =  94.7  in3 

P 
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FIGURE  C.3 


FLOW  DIAGRAM  FOR  SIDE-COLLISION  PLASTIC-ENERGY 
ANALYSIS  OF  SINGLE-HULL  SHIP 
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FIGURE  C.4 


FLOW  DIAGRAM  FOR  SIDE-COLLISION  PLASTIC- ENERGY 
ANALYSIS  OF  A  DOUBLE-HULL  SHIP 
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I  *  48" 


=  35,000  psl 

h- 1 

h  =  40” 

Obtain  from  equation  (C.l )  elastic  method  p  =  549  psl  (3.79  MPa) 

(C. 2)  Johansson's  (plate)  1099  psi  (7.75  MPa) 

(C. 4)  Johansson's  (frames)  2019  psl  (13.9  MPa) 

(C. 5)  Clarkson's  method  1327  psi  (9.15  MPa) 

[21%  higher  than  Eq.(C.2) 

Therefore,  the  Ice  pressure  which  can  cause  failure  to  the  plates  is  1327  psi 
according  to  Clarkson  while  that  required  to  cause  frame  damage,  is  2019  psi. 

These  figures  are  well  In  excess  of  the  maximum  rule  design  pressure  of  600  psi 
set  by  ASPPR  for  Arctic  Class  2  ships.  While  ice  pressures  of  the  order  of  600  psi 
would  not  cause  any  structural  damage  or  permanent  deformation.  It  is  obvious  that 
the  ship  was  subjected  to  an  overload. 

These  results,  obtained  in  comparison  with  the  most  conservative  and  mo.t 
comprehensive  design  rules,  l.e.  the  Canadian  ASPPR,  raise  some  questions  relating 
to  the  adequacy  of  design  pressures.  However,  It  Is  essential  to  complete  the 
entire  scenario  which  gave  rise  to  such  high  pressure.  It  may.  Indeed,  have  been 
a  collision  case  with  a  fairly  low  probability  of  occurrence. 


This  leads  us  to  the  brief  introduction  of  an  alternative  approach  which 
Is  more  detailed  and  It  takes  into  consideration  the  scenario  and  circumstances 
of  damage  Incident. 


/ 


3.  ALTERNATIVE  APPROACH 


This  approach  consists  of  several  steps: 

(1)  Identify  possible  scenarios  of  interaction  between  ship  and  ice 
feature  as  well  as  data  on  ice  type,  strength,  size,  shape,  etc. 

(2)  Run  a  computer  simulation  of  the  interaction  scenario  with  proper 
input  data  and  variations  of  angle  of  impact,  most  probable  speeds  at  the  time  of 
impact,  possible  strengths  of  the  ice,  etc.  The  simulation  should  produce  an 
estimate  of  the  ice  impact  load  as  well  as  the  average  ice  pressure  on  the  hull. 

To  the  best  of  our  knowledge  there  is  one  commercially  available  program  at 
ARCTEC  CANADA  Limited;  another  version  has  been  developed  by  Melville  Shipping 
Ltd.  of  Montreal  for  internal  use.  The  most  useful  data  which  can  be  obtained 
from  this  program  are: 

•  the  total  impact  load 

•  the  average  ice  pressure 

•  the  extent  of  contact  of  ice,  i.e.  shape 
and  size  of  the  area  of  contact 

•  where  this  area  is  located  on  the  hull. 

Several  runs  may  be  required  to  adjust  the  contact  area  with  the  damage  location. 
The  availability  of  more  definitive  data  on  the  damage  circumstances  would  help 
in  providing  a  more  realistic  estimate  of  the  load,  pressure,  and  area  of  ice 
contact.  It  should  be  noted  that  the  order  of  magnitude  of  ice  crushing  strength 
should  be  equivalent  to  estimates  of  ice  pressure  obtained  by  simple  methods.  For 
further  Information  on  such  simulation  methods,  reference  may  be  made  to  papers 
by  Major,  et  al  [B-26]  and  Noble,  et  al  [B-36]. 

(3)  Compare  extent  of  Ice  load  with  the  hull  structural  details  and 
determine  boundaries  of  a  segment  of  the  structure  to  be  modeled.  These  boundaries 
should  preferably  be  most  rigid,  e.g.  bulkheads  and  floors.  Establish  necessary 
boundary  conditions. 

(4)  Prepare  a  finite  element  model  of  the  structure  (3D  model  is  pre¬ 
ferred  but  a  2D  model  with  lumped  stiffeners  may  be  accepted).  A  simplified  ship 
structure  seom*nt  as  modeled  by  the  finite  element  method  is  shown  In  Figure  C.6. 
Apply  external  Icc  loads  which  have  been  determined  earlier  and  estimate  the 
"elastic”  stresses  and  strains  In  various  components.  Output  can  be  obtained  with 
aid  of  standard  graphics  such  as  principal  stress  contours  in  both  the  shell  and 
frames.  Figure  C.7  Is  an  example  of  major  principal  stress  contours  in  a  typical 
structure.  Such  stresses  can  be  examined  to  determine  whether  or  not  elastic 
limits  were  exceeded.  This  type  of  simple,  Inexpensive  elastic  finite  element 
solution  can  produce  a  fairly  good  idea  about  where  damage  would  start.  Examina¬ 
tion  of  stress  levels  would  indicate  locations  on  the  shell  and  frames  which  will 
likely  experience  highest  stresses.  Some  approximate  correlations  with  the  nature 
of  observed  damage  can  be  made  at  this  stage.  There  are  a  number  of  commercially 
available  finite  element  programs  which  can  be  used  for  this  purpose.  To  list 

a  few: 
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FIGURE  C.6 

SIMPLIFIED  FINITE -ELEMENT  MODEL  FOR  TYPICAL  STRUCTURE 


FIGURE  C.7 

STRESSES  IN  THE  SHELL  OF  TYPICAL  HULL  STRUCTURE 


-  NASTRAN 

-  ANSYS 

-  STARDYNE 

-  STRESS 

-  MARC 

All  of  these  are  available  world-wide,  and  further  information  may  be  obtained 
from  major  suppliers,  such  as  Control  Data,  Multiple  Access,  or  General  Electric. 

(5)  A  more  advanced  and  much  more  expensive  step  is  to  allow  the  hull 
material  to  yield  in  accordance  with  a  selected  bilinear  stress-strain  relation¬ 
ship.  In  this  case,  continuous  updating  of  the  stiffness  matrix  will  be  main¬ 
tained  to  account  for  the  yielding  of  plate  or  frame  elements  of  the  structure. 

The  cost  of  this  updating  is  quite  high,  particularly  if  a  complete  solution  is 
desired.  For  a  moderate  size  model  (say  500-1000  elements), consideration  of 
plastic  flow  can  easily  increase  the  cost  by  ten-fold. 

(6)  A  study  of  the  influence  of  ice  pressure  distribution  on  the  stress 
distribution  and  possibilities  of  failure  of  the  structure  can  be  done  by 
arbitrarily  structuring  a  stepped  pressure  distribution  within  the  contact  area 
without  altering  average  value  or  the  total  ice  load.  This  technique  has  been 
used  successfully  to  analyze  the  structure  of  the  CCGS  LOUIS  S.  ST.  LAURENT  with 
some  interesting  results  as  to  the  effect  of  pressure  distribution.  These  results 
are  Illustrated  In  Figure  C.8. 

The  utilization  of  elastic  solution  may  be  satisfactory  to  the  requirements 
of  damage  analysis  where  the  available  data  on  the  damage  is  sketchy.  However, 
more  sophisticated  evaluation  using  plastic  yield  of  the  material  should  be  appro¬ 
priate  and  is  justified  for  situations  where  more  accurate  data  is  available  on 
the  damage  incident.  In  fact,  a  combination  of  both  would  be  necessary  since  the 
economic  restraints  could  only  allow  one  or  two  runs  with  plastic  yielding  in 
addition  to  several  elastic  runs  to  select  the  loading  conditions  for  these  two. 

To  date,  there  has  been  no  complete  and  documented  utilization  of  the 
procedure  proposed  herein.  However,  several  studies  have  been  conducted 
to  Investigate  stresses  and  strains  in  different  hull  structural  components  by 
using  FEM.  The  results  appear  to  be  quite  informative  and  useful,  suggesting  that 
using  the  FEM  to  conduct  damage  analysis  can  produce  better  insight  into  the  nature 
of  stressing  of  the  hull,  under  variable  loading  conditions.  This  can  ultimately 
lead  to  the  understanding  of  how  damage  initiates  and  propagates  within  the  struc¬ 
ture  and  hence,  to  some  Informed  guidelines  for  better  design  of  hull  structures 
to  withstand  extreme  ice  load  with  minimal  penalty  on  the  weight  and  cost  of  the 
ship. 
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FIGURE  C.8 


EFFECT  OF  CHANGING  PRESSURE  DISTRIBUTION 
ON  STRESSES  IN  SHELL  AND  FRAMES 
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